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Abstract 
 
In recent years manufacturing industries have moved towards Smart Manufacturing, to achieve 
improved efficiency and production targets. Part of this innovation of current processes 
includes digitisation and improving access to machine information, usually through the 
introduction of new technology to assist with this transition. In order to maintain smooth 
processes and uninterrupted production, various information sources must be available on the 
factory floor. This project aims to provide a proof of concept for digitisation and access to 
necessary information during Pulse Walks. The methodology used to develop this tool is 
discussed. Observations during Pulse Walks were used to highlight the areas that this could be 
applied to, and a survey was used to determine the most useful information sources to include. 
Another aspect of this project is to introduce a method of digitally storing issues discussed 
during the Pulse Walk, to highlight recurring issues and problematic areas. This was developed 
to be used as part of the tool during Pulse Walks. This research will present a proof of concept 
for an app that will act as a digital information hub for accessing information and logging issues 
from the Pulse Walks. The use cases for this tool have been deliberated and the benefits clearly 
identified. This tool can assist with tracking recurring issues, using previously logged issues to 
create a historical database. The issue logging dashboard can be used for investigating reasons 
for machine downtime. This tool aims to improve production efficiency for a manufacturing 
line in a factory through issue tracking.  
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1. Introduction                                                                                                                                                                                                                                                                   
 
During the last decade, technological and digital advances have enabled improved 
manufacturing efficiency by incorporating interactive smart devices into production. Many of 
these devices are connected via the internet and can communicate with each other, making up 
the Internet of Things (IoT). This new phase of manufacturing is sometimes termed ‘Industry 
4.0’, or the fourth industrial revolution. Following in the footsteps of previous innovations in 
industry, including electronic microchips at the end of the 20th Century; electricity in the 19th 
Century; steam power before that, Industry 4.0 also paves a new manner of production. 
Combining smart devices and machinery to improve manufacturing processes further improves 
control and management in manufacturing, enables greater efficiency, reducing waste of both 
time and material resources. Ultimately, this minimises production costs.  
As the concepts of Industry 4.0 and the Internet of Things (IoT) have demonstrated widespread 
improvements in the areas outlined, today’s industries use it as a driver in process innovation 
[1].  Factories are moving to align digital technology and production processes across the 
production line, optimising them by creating a fully digital end to end supply chain process. 
[2]. Consequently, digitisation is becoming increasingly prevalent in today’s industries, 
facilitating a full digital life cycle of a given product. Implementing digitisation across a factory 
floor demonstrates improvements in the seamlessness of processes. Using digitisation to assist 
with product life cycle management (PLM) is regarded as a ‘strategic weapon’ in gaining 
competitive advantage by enabling a business to improve quality and reduce product-related 
costs [3] [4].  
Numerous global policies have been introduced in recent years to drive innovative 
manufacturing through Industry 4.0. The Factories of the Future Public-Private Partnership is 
one such example. Launched by the European Commission in November 2008, this policy 
proactively encourages companies to invest in projects that promote their organisation’s 
alignment with the goals for Factories of the Future (FoF) [5]. The policy advocates new 
technologies to innovate production and environment-friendly manufacturing. Implementing 
any or all of the targets set out by FoF is likely to be beneficial to both the production company 
and Europe on a broader scale. Similar drivers have been adapted in Germany, France and 
China each with the common theme of improving national manufacturing standards and 
process efficiency. 
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Improving efficiency in a factory is primarily about eliminating waste, including wasteful 
activities, and production of surplus or defective stock. This reflects the ethos of Lean 
manufacturing philosophies. While Lean focuses on waste removal, it also incorporates respect 
for factory workers’ knowledge of a process. Lean, with the intention of streamlining, is 
initiated only after the manufacturing process has been minutely observed by those who are 
familiar with it. Process steps are mindfully considered to spotlight potential points where 
wasteful activities could be removed, thereby reducing waste and ultimately increasing 
productivity and efficiency. An example of Lean is the provision, usually through technology, 
of immediate access to machine and production information on the factory floor, which reduces 
time wasted searching for information or advice from other staff. 
A mechanism to reduce waste occurring from the production of defective parts is another 
element where embedding digitisation and technology within a production process can aid 
efficiency. Enabling tracing of new and recurrent faults in tools or machines along the 
production line facilitates early identification of problems. It also improves understanding of 
how the fault occurs; supports improved maintenance, early replacement of faulty parts or 
machinery and ensures that appropriate steps are taken to minimise the reoccurrence of the 
same issues.  This immediacy enables continuous improvement of the production line and 
increased energy efficiency of the factory since less energy and resources are wasted 
reproducing those faulty parts. Less time is lost dealing with recurring defects because the 
perpetrating issues will have been identified and dealt with [6].  
As factories increasingly integrate innovative technologies and energy efficiency grows, the 
drive for more environmentally friendly and improved sustainability of the process also 
increases. Countries across the world have entered into a pact to preserve global temperatures 
to less than two degrees Celsius warmer than pre-industrial times, called the Paris Agreement 
[7]. Functioning at the highest possible efficiency is crucial in the climate crisis we are 
experiencing today, to support the Paris Agreement and minimise global warming. Increasing 
energy efficiency has been suggested as one of the most effective measures to mitigate 
greenhouse gas emissions, thus reducing the impact of climate change [8].  
This research poses the question, “Does digitising improve efficiency in manufacturing?”  
The project is supported by an industry partner, a manufacturing facility who develop a range 
of medical devices. Each device is separated into Value Streams containing process steps for 
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each type of product. This research is involved in one particular Value Stream, the Femoral 
Implant family, referred to as FEMs. The medical device facility produces product 
continuously, with machines operating 24 hours a day. Due to the nature of staff hierarchy, 
commonly weekend and night shift are staffed by largely junior and less experienced team 
members. Increased error and associated waste, thus production costs, tend to be prevalent 
during these times. By aligning technology and digitisation with the production line, it is 
possible to reduce this. The challenge is to provide support for Operators through timely access 
to information. 
 In seeking answers to the research proposal, this project aims to innovate the current Pulse 
Walk process in this medical device manufacturing facility by incorporating Lean 
manufacturing philosophies and digitisation into the production process. A Pulse Walk is the 
action of Team Leads physically walking the production line and spending time with Operators, 
with the intention of identifying and finding solutions to issues as they occur on the 
manufacturing line. It is common practice to capture problems and solutions on whiteboards, 
which are then erased once resolution has been achieved. 
As part of the research project, this company’s manufacturing process is observed and 
discussed with Operators and Team Leads along the Pulse Walk, and areas for potential 
improvement discerned. A computerised Pulse Walk tool referred to as a Digitised 
Manufacturing Information Nexus (DMIN) has been developed by the author to provide 
Operators with immediate access to manufacturing information and provide a digital version 
of the Pulse Walk whiteboards. This function enables retention of entries in a database, 
facilitating access to historical issues and aiding resolution through identification and 
investigation of recurring issues. 
The DMIN tool is ultimately intended to improve efficiency in the manufacturing process in 
two ways. Collecting and storing data creates an alert to recurring issues, makes early 
identification possible, helps pinpoint potential causes, the best approach to correction and 
ultimately enables their eradication from production. Additionally providing immediate 
Operator access to production and equipment data minimises time wasted in searching for 
information. This drive for efficiency and removal of waste reflects Lean manufacturing 
philosophies and the aspirations of FoF. 
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A whole system approach has been facilitated through invaluable co-operation and support 
from the production team. This provides a unique opportunity for input from staff working on 
the factory floor throughout the research and development of the DMIN tool. The 
manufacturing facility continuously provided feedback at each stage of project development 
and this ongoing communication provided distinctive insight into the Pulse Walk process and 
areas for potential improvement. Crucially, open dialogue and engagement has enabled the end 
user to influence the project outcome which is vital if it is to be fit for purpose and accepted.  
The facility also provided access to the factory floor, allowing for the DMIN tool to be trialled 
as part of the Pulse Walk. The ability to demonstrate and trial the DMIN tool within the existing 
manufacturing processes has provided users with evidence that it is of benefit and allowed 
consideration of ways to maximise its potential in improving efficiency and reducing waste in 
all areas of production. 
While the manufacturing facility already employs some aspects of Lean methodologies, this 
research investigates other strands of Lean manufacturing philosophies to locate and remove 
waste from manufacturing, exploring additional options that could be introduced to the factory. 
Digitisation is a crucial part of this research, including Smart Manufacturing, IoT and Industry 
4.0. These features are examined, including the Pillars of Industry 4.0 used in factories around 
the world. Taking inspiration from these and the goals of Industry 4.0 and FoF has cultivated 
the development of the DMIN tool. 
The project undertaken improves access to manufacturing and process information at Operator 
level and additionally initiates the digital logging of issues discussed on the Pulse Walk to build 
a database of real problems encountered and best solution options. These goals align with Lean 
manufacturing philosophies to eradicate waste from the production process and by introducing 
digitalisation and adapting the use of the developed Pulse Walk tool, the factory is moving 
rapidly towards Industry 4.0. The methodology used to develop the DMIN tool to implement 
digitisation and access to information from a factory floor is explained in this research. 
The breakdown of this thesis is as follows; Chapter 2 discusses the background research into 
Lean methodologies. This chapter considers the many facets of Lean manufacturing and how 
it is currently implemented in the medical device factory.  
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An investigation has been completed into Digitisation in Chapter 3. This section looks into the 
birth of Smart Manufacturing, IoT and Industry 4.0. Industry 4.0 is examined, highlighting how 
other industries are introducing it through digitisation and the technologies used to support it. 
Chapter 4 confers learning from this research to outline the specification and plan for the DMIN 
tool, what is included, and how it will be implemented. The methodology used during the 
development of this project is also broken down and explained in this chapter. This is followed 
by a detailed description of the survey used, and the responses gathered. From the survey 
results, data sources suggested to include in the tool are presented as part of the proof-of-
concept DMIN tool.  
The development of the digitisation aspect of the DMIN tool is explained in Chapter 5. The 
Pulse Walk boards have been digitised for inclusion in the DMIN tool and steps taken to build 
these are clarified. Additionally, data recorded in these digitised boards from the Pulse Walks 
has been used to create a dashboard in Qlik, a data analytics software used by the medical 
device manufacturing facility. This dashboard uses real data collected from Pulse Walks to 
provide insights into the issues encountered, identify where most issues occur and which are 
most prevalent.  
Chapter 6 discusses the trial and workshop that took place after the DMIN tool was developed. 
The tool is trialled at various points of the Pulse Walk on both an iPad and portable screens to 
gain an understanding of where it could be most useful and benefit production. Within the trial 
issues are captured in the digitised version of the whiteboards, evidencing to staff how the 
DMIN tool would work and providing opportunity to learn how to use it. Following the trial 
period, a workshop ran with various staff members to examine the DMIN tool in detail and 
identify areas to improve user experience.  This workshop was split into sections exploring the 
best hardware options and data sources to include, alongside suggestions collected during the 
survey and resulting from previous trials. Discussions also examine the digitised issue logging 
tables and the Qlik dashboard, to determine suitability and fit with the information collected 
by the DMIN tool.  
Chapter 0 outlines four use cases for the DMIN tool. After trialling the DMIN tool on the 
factory floor, the benefits of using it become immediately clear. The primary advantage is ease 
of access to pertinent manufacturing information from multiple sources located in one place 
where and when it is needed, without having to open a laptop or go into an office. The second 
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highly valuable aspect of the DMIN tool is the digitised issue logging table. The digitised 
version of the Pulse Walk board stores historical entries, enabling identification and tracking 
of recurrent issues logged at machines. This digitised table can be used to highlight problematic 
areas or work steps that are experiencing a large volume of issues. Consequently, this feature 
enables the management team to identify points in the production process that require attention 
to reduce waste and replace damaged parts, in turn reducing faulty product. Ultimately, 
resource waste can be minimised, and the efficiency of the Value Stream improved, so the 
DMIN tool has the potential to improve the overall energy efficiency of the factory. This use 
case aligns the DMIN tool with the targets for FoF and Industry 4.0. The final use case for the 
DMIN tool became obvious when investigating Overall Equipment Efficiency (OEE) of 
machines in the Value Stream. Low levels of OEE have been recorded for machines, but with 
no reason logged to explain why. Using the digitised issue log of the DMIN tool, it is possible 
to track issues which may have impacted machine operation levels. This can assist management 
in understanding what influences OEE levels, including those due to planned maintenance or 
caused by issues logged as part of the Pulse Walk. 
Following the trial and use cases, a plan of future work to develop the project is outlined in 
Chapter 8. This details the requirements to develop the proof of concept DMIN tool into a fully-
fledged web application for use on the factory floor. The conclusions of this research are 
discussed in Chapter 9, including a review of the DMIN tool. 
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2. Lean Manufacturing 
 
Lean manufacturing methodology aims to reduce waste, while maximising productivity and 
efficiency. It encompasses a range of tools familiar to the manufacturing industry, focusing on 
continuous improvement underpinned by a problem solving approach. Lean methodology sees 
mistakes as opportunities for improvement and aims to create best value for customers while 
keeping production costs to a minimum [6]. Jim Benson of Modus Cooperandi described it as 
“both a philosophy and a discipline which, at its core, increases access to information to ensure 
responsible decision making in the service of creating customer value” [9]. 
 
2.1. Background of Lean methodologies 
Japan, in particular the car manufacturer Toyota, is the birthplace of Lean methodologies. 
Taiichi Ohno, who served as Vice-president of the Toyota Motor Company is sometimes 
considered the ‘grandfather of Lean manufacturing’ and founder of the Toyota Production 
System (TPS). He believed that the drive to improve should not stop, rather a drive to learn and 
implement better ways to increase product quality and productivity should be constant. 
The ideology behind his belief is derived from Japanese culture and history. Traditionally 
Samurai warriors consistently sought to improve and perfect individual style and ability. 
Taiichi Ohno believed this philosophy of continuous learning should be adopted by managers 
and directors in Toyota. By constantly learning and perfecting their managerial style and 
skillset, processes and production could also improve. [10].  
Japan lacks many natural resources, creating dependency on imported materials. In turn 
importing creates high raw materials cost, potentially placing the country at a financial 
disadvantage. However, to overcome this, Japanese industries seek to create goods of better 
quality and higher added value,  while keeping production costs lower than other countries 
[11].  
A predominate trait of Japanese culture is a positive attitude towards work and equality.  ‘Group 
consciousness’ or collectivistic thought developed in the Japanese food farming industry where 
communities work together to support the labour intensive growth of their primary food source, 
rice. In contrast, western culture tends towards a more individualistic outlook, as historically 
the primary food source in the west – wheat – could be farmed independently, which has led 
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to western society being less community dependent [12]. Education standards in Japan are high 
and traditionally life centres around work. Generally company employees remain with the same 
company for life and opportunities for advancement are numerous, which in turn promotes a 
sense of unity between companies and  workers [11].  
While Toyota’s focus was eliminating waste and minimising costs, it recognised the 
workforce’s capabilities as a valuable resource in the drive for production improvement. To 
eliminate waste, they assumed that anything other than the minimum amount of equipment, 
materials and working time that is essential is surplus and will thus raise the cost. This led to a 
focus on cost-cutting measures through waste removal and the ‘Just-in-Time production’ and 
‘Jidoka’ approach to this will be discussed later [11].  
An insight into Lean methodologies and their benefit to an organisation is explained in “How 
to Change a Culture: Lessons From NUMMI,” [13]. This paper gives a first-hand account of 
process innovation in New United Motor Manufacturing Inc. (NUMMI) a joint venture 
between Toyota Motor Corp. and General Motors Co. (GM). 
The research question posed by J. Shook is “How can managers change the culture of their 
organisation”, and the response is largely based on how problems are solved. Cultivating 
employee involvement is key to Toyota’s production system, linking interactive teamwork to 
quality improvement and problem-solving approaches. After introducing Toyota’s Lean 
inspired methodologies, the GM factory reported significantly lower levels of absenteeism and 
higher levels of production quality. 
According to Shook, western mentality towards process improvement attempts to change 
attitudes and aims to get the whole workforce to think the ‘right way’. In contrast, experiences 
from NUMMI suggest cultural change is achieved by changing peoples’ behaviours. Jerry 
Sternin’s quote summarises this, “It is easier to act your way to a new way of thinking than to 
think your way to a new way of acting” [13].  Defining the desired behaviour through education 
and any necessary reinforcements, work place culture undergoes change. Shook suggests that 
crucially Lean manufacturing creates a cultural shift around problem-solving and transforms 
manufacturing [13]. The ‘Andon’ system is a process that builds quality by exposing problems, 
this will be discussed in Chapter 2.4. Rather than apportion blame, Lean repeatedly asks “why” 
until the reason is found and this is discussed further in Chapter 2.6.   
Fundamentally, Toyota created tools to make it easy to detect and resolve problems while 
learning from mistakes, which Shook describes as “the Lean cultural shift” [13]. By 
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approaching problems and mistakes as a learning and improvement opportunity, attitude 
towards encountering problems is fundamentally changed. 
 ‘The triumph of the Lean production system’ is discussed by J. F. Krafcik, in his research 
investigating how manufacturing plants can improve their efficiency. He challenges a widely 
held belief in the auto industry that quality and productivity are influenced by plant location, a 
variety of factors impacting manufacturing performance are identified. These range from 
corporate parentage to management philosophies and Lean management policies that provided 
higher performance and improved productivity and efficiency [14].  
In contrast to all that has been discussed, Krafcik notes that many efficient factories do not 
employ Lean methods while some ‘Lean’ factories that are not very efficient. To be effective, 
Lean policies require highly skilled management and discipline which takes time to achieve 
but can also provides a company with more flexibility in what they can manufacture, while 
maintaining high levels of quality and productivity. 
 
2.2. Waste 
 
While waste is endemic to manufacturing, removal of waste is a key feature of Lean 
methodology. Lean dictates that every member of staff should work towards preventing waste 
or ‘Muda’ in all aspects of the factory but to effectively eliminate a process of waste, it first 
has to be found [6]. Lean methods work to highlight wasteful areas so they can be targeted and 
dealt with, additionally striving to prevent the waste from occurring in the future.  
 
2.2.1. Ohno’s Seven Wastes 
Multiple sources of waste exist in any manufacturing facility, and can be divided into categories 
known as ‘Ohno’s Seven Wastes’ [10] [6]: 
 
1. Waste from overproduction 
Considered the most severe waste in Lean manufacturing, overproduction is the basis of many 
other wastes [6]. Waste in this category is a result of processes moving too fast on the factory 
floor as workers cease to wait between their designated jobs and instead continue to produce 
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more than what is necessary,  causing a build-up of materials or parts at each step of the 
production line [10]. The aim is only to produce what is necessary at each stage to maintain 
smooth production flow. 
 
2. Waste from waiting 
Waiting occurs when workers attend automated machines without being able to do anything 
productive due to the machine being in use. To remedy this, scheduling can help order which 
machine to use facilitating best use of workers time.  This type of waste also occurs if parts or 
materials have not been delivered on time, causing delays to production [6]. 
 
3. Waste from transportation 
Waste from this category is a result of unnecessary movement of products that have been put 
into temporary storage. Occasionally parts have to move around a factory to go through 
different processes and streamlining this, alongside scheduling can reduce this waste. Other 
causes for delays in this category can be due to the movement of materials and parts from the 
warehouse to the factory, where the stock must be sorted and arranged [10]. 
 
4. Waste from processing 
Processing waste occurs when a machine breaks down, causing delays in manufacturing. If 
reprocessing is required for parts, it too falls under this category [10]. Inappropriate processing 
that is running a machine consistently instead of only when needed, or machines or processes 
not capable of producing parts to a standard of quality expected by the factory and require 
further work are also included in this category [6]. To avoid such issues occurring, the solution 
is to work to defined processes and have training available for staff who will be using machines 
to ensure they are doing so correctly. 
 
5. Waste from stock on hand 
Stock on hand, or inventory, is to be avoided as much as possible in Lean manufacturing. 
Although it is impossible to keep zero inventory, it is imperative to aim for as close to it as 
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possible as adding stock leads to adding lead time and can mask problems with the process line 
or production schedule [6]. 
 
6. Waste from unnecessary motion 
Unnecessary motion can refer to human and layout. Human-based unnecessary motion can be 
avoided by ergonomic designs of workstations to avoid stretching, bending, or any exertion 
required to position themselves better to do their work [10]. If there is any hurt to the operator, 
this can have an impact on quality, eventually impacting the customer. The layout of a factory 
is vital to abolish any wasted motions or waste from transportation discussed above and 
machines should be laid out in a logical order to avoid unnecessary movement between them 
during the production process [6].  
 
7. Waste from defective parts 
Producing defective parts has associated monetary and time costs, escalating the longer they 
go undetected. Themes that are followed in Lean manufacturing deal with maintaining the 
quality at the source, and the chain of quality throughout the production process. In Toyota, 
defective parts are considered a challenge for improvement, although most manufacturing 
firms aim for ‘prevention, not detection’ in a bid to avoid creating defects in the first place [6].  
 
2.2.2. New Wastes 
In recent years new wastes have been outlined that build from Ohno’s original list, to cover 
service and manufacturing flaws [6].  
 
1. Waste from making the wrong product efficiently 
This waste involves the original principle of Lean manufacturing. It is closely related to the 
waste of overproduction. This waste deals with efficiently producing the wrong items or 
products. 
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2. Waste from untapped human potential 
Taiichi Ohno aimed for Toyota to create ‘thinking people’, this is described in the Lean 
methodology as seeking ideas and inspiration from the factory workers about how to improve 
quality [6]. Clear communication and commitment are necessary to support this human 
potential. Methods of acquiring this feedback can be through Gemba walks, which will be 
discussed in detail later in this chapter. The key to avoiding this waste is to listen to the creative 
potential of employees and respect their input. 
 
3. Waste from excessive information and communication 
An abundance of information exists in today’s workplace, such as emails, textbooks, and 
articles. Although they all may contain useful information, it is essential to focus on the key 
points and not get bogged down in excessive information. This includes management, 
specifically meetings which should be necessary and concise to relay the desired information 
as efficiently as possible.  
 
4. Waste of time 
Wasted time affects everyone, and everyone is guilty of doing it. This waste describes the need 
for time management to focus on all tasks, not just the urgent ones, to keep all tasks from 
becoming overwhelming or getting out of hand. This can be managed by setting blocks of time 
aside for each task, not just prioritising the urgent ones [6].  
 
5. Waste from inappropriate systems 
This waste describes the use of unnecessary systems, not just in production but in the 
paperwork involved in the production. To keep production streamlined, these must be efficient 
and not cause delays in manufacturing [6].  
 
6. Waste from energy and water 
Energy here refers to power sources such as electricity, gas, and coal. Avoiding waste in this 
area is essential to sustainability in all industries. Energy management is very prevalent with 
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the climate crisis looming, and many industries have institutionalised energy efficiency. This 
can begin with small steps such as switching off unnecessary lights and powering down un-
used machinery. 
 
7. Waste from natural resources 
Continuing from the previous point, avoiding waste of resources is imperative. Paper is an 
example; most offices use paper in various ways for meetings and sharing information with 
others on the factory floor and moving to a paperless work environment will avoid this waste 
[6].  
 
8. Waste of ‘No follow through’ 
By not completing waste reduction to improve processes creates waste. An example would be 
rearranging a factory floor to reduce walking distance mid-process to save time. If nothing 
productive is done with the newly spared time, it is considered a waste as it does not improve 
production [6].  
 
9. Waste of knowledge 
As production takes place, improvements and knowledge from experiences should be noted. 
Waste in this category occurs when this knowledge is not recorded and then forgotten about 
[6]. It is related to untapped human potential as sometimes as things are learned, they are kept 
with the person who knows them. This causes issues when that person is unavailable, and other 
staff members do not possess the same level of experience or knowledge in a particular area. 
To avoid this improvements and experiences should be noted down, and information shared 
amongst all staff involved to ensure a collective knowledge is achieved. 
Other wastes involved in manufacturing include duplication of data when it has to be re-entered 
twice, unclear communication about product status and incorrect inventory [6]. These wastes 
are not usually considered impactful on the customer, but in a manufacturing facility, they can 
cause problems for production. 
These wastes can be managed through scheduling using Kanban (which will be discussed in 
Chapter 2.8) and outlining a production plan that takes into account the possible areas were 
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waste can arise. Waste is considered a partner of innovation; it must be dealt with to welcome 
innovation and improvements to production. Removing waste is achieved by studying issues 
and introducing facility improvements to support process innovation through new devices or 
equipment [10]. Facility improvement is part of the Toyota production system and includes the 
introduction of new devices and technology to assist with providing minimal waste for a 
manufacturing process [15]. Introduction of new technology is discussed in Chapter 3.  
Lean is considered to be a ‘tool-box’ that has a variety of aspects, that can be adapted or 
modified to as required. Some Lean methods are discussed below.  
 
2.3. Kaizen 
 
Kaizen is a Sino-Japanese word that means ‘good change’. It is the act of continuous 
improvement through small changes [16]. It is applied to manufacturing in Toyota firms and 
other companies that employ Lean methodologies. Kaizen is based on the belief that nothing 
is perfect; thus everything can be improved. It is usually treated as a cycle, similar to the 
Shewhart or Deming cycles which are made up of four steps, “Plan, Do, Check, Act”, described 
in Figure 2.3-1.  
Kaizen can be applied to many aspects of manufacturing. The core values are in line with the 
traditional Lean ideologies, such as targeting zero waste, empowering people and being 
transparent with data all the while improving processes. 
 
 
Figure 2.3-1 Shewhart and Deming cycle diagram [16] 
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Kaizen aims to improve productivity and manage any inefficiencies through proactive 
solutions. The rules of Kaizen are as follows [16]: 
1. Let go of assumptions 
2. Be proactive about solving problems 
3. Do not accept the status quo 
4. Let go of perfectionism and have an attitude that supports iterative, adaptive change 
5. Look for solutions as mistakes are found 
6. Create an environment in which everyone feels empowered to contribute 
7. Do not accept the apparent issue; use the ‘Five Whys’ method to get to the root cause 
8. Cull information and opinions from multiple people 
9. Use creativity to find low-cost, small improvements 
10. Never stop improving 
 
The following strands of Lean manufacturing methodologies employ Kaizen in various ways. 
 
2.4. Jidoka 
 
Toyota aimed to have a manufacturing system that was ‘automation with a human touch’, that 
is automated machines that could be assisted by humans to provide a more intelligent process. 
This can be used when an automated machine must be stopped by human interaction in the 
event of a defective part, or scrap clogging the machine. Enabling this human interaction stops 
problems on the machine being exacerbated and causing further difficulties [10]. This was 
achieved through ‘Jidoka’ known as “Stop the line”, where each worker has a stop button for 
the process line when an event occurs that will cause issues or damage. This is part of Toyota’s 
commitment to enabling employees to build in quality and reach their full potential [11] [13]. 
Jidoka means “to make equipment or operation stop whenever an abnormal or defective 
condition arises” [11]. Each time the line is stopped, the process should be improved in some 
way so that the same issue does not reoccur. 
Jidoka is fundamentally respectful of employees, and was initiated as a way of giving workers 
the capability, control, and obligation of physically stopping the production line when they 
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encountered a problem [10] [12]. This allows workers to be engaged in problem-solving and 
making improvements while integrating quality, support and ownership into each job in the 
factory. Toyota believes successful manufacturing comes from “men that operate a conveyor, 
not a conveyer that operates men” and is vital in respecting for their workers’ independence 
[11]. Furthering this point, Toyota provides each worker the opportunity to improve their 
process, or any waste, he or she has found. 
Andon lights are boards that indicate which part of the line has been stopped [11]. They can 
also be used to highlight when a machine has broken down, or something has gone wrong on 
the factory floor. Using Andon shows managers and supervisors which area is causing 
problems [17]. This is called ‘Visual control’, enabling detection and improvement of 
problematic areas.  
 
2.5. Visual Control 
 
Visual control is used to gain a better understanding of a factory by creating an ‘easy-to-
observe’ workplace [11]. This evidences any gaps in workload as it will be easy to spot workers 
with extra time on their hands and also draws attention to inefficiencies, such as the 
unnecessary movement of parts or machines that break down. 
The following steps are a guide for introducing visual control to a factory [10]: 
 
o Determine the locations 
This is used to outline the locations of materials and parts, which are noted on the Kanban. This 
will assist in managing any irregularities with storage or movement of parts. 
  
o Erect an Andon lamp 
This lamp is discussed in Chapter 2.4. It is used to highlight any issues encountered on the line 
that requires the manufacturing process to stop. 
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o Display a Kanban for the line 
A Kanban will detail the work in progress and status of parts. Displaying this on the line will 
share the information with managers and workers, providing information about cycle time, 
stock and procedures. Kanban is further discussed in Chapter 2.8. 
 
Visual control is a significant aspect of successful Lean manufacturing. It involves 
improvement, rapid problem management, transparent scheduling, involvement and teamwork 
[6]. It supports JIT manufacturing, allowing machines to operate as usual in normal conditions 
and allowing staff to practise abnormality control where necessary.  
 
2.6. The Five Whys 
 
Lean manufacturing aims to streamline production activities. If there are any problems on the 
floor, they must be recognised. To ignore any predicaments will only exacerbate the situation 
creating more delays and thus, waste. To fully understand issues encountered on the factory 
floor, the TPS uses ‘The Five Whys’ or the Five W’s. 
This method has the managers asking ‘Why, why, why, why, why?’ followed by ‘how’? The 
Five Whys strategy is used to discover the source of a problem rather than, ‘who, what, where, 
when, why?’ The latter form of questioning  points blame to the operators on the floor which 
can lead to staff hiding issues concerned that they will be unfairly accosted. Using Lean, 
managers avoid blame instead aiming to fully understand the root of the problem to rectify it 
[10].  
 
2.7. Scheduling 
 
An important aspect of Lean manufacturing methodologies is the scheduling of processes. It is 
vital to correctly plan the time and order of which products should be manufactured. Lean 
methods want to avoid large surplus, so each process should only produce the exact amount 
required at that stage. If a process begins to move too fast, irrespectively of the process 
happening either side, stock can begin to pile up on the factory floor [6]. If the process is not 
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required to be in production at that time, it is not efficient to have the workers idle on the factory 
floor. To avoid the overproduction of parts mid-process, and also avoid idle workers, 
scheduling is necessary to create a production plan that allows the continuous flow of 
manufacturing for a smooth flow from the start to finished product. 
Scheduling also allows managers to plan when machines should be in use. This can allow them 
to allocate times when the machine should be switched off to save power instead of having it 
sit idly if it is not in use. 
 
2.8. Kanban 
 
Kanban is used in Lean manufacturing as a means of supporting the scheduling of production. 
There are various styles of Kanban that can be used in a factory. Single card Kanban is where 
there is a card or pull signal between stations. This indicates when to make a part, and to move 
it to the next location. 
Kanban means ‘card’, a visual record used to convey information [15] [18]. A Kanban system 
can be used as a production control system to monitor manufacturing [19]. A Kanban consists 
of a board used to visualise workflow, showing stages of the process such as ‘do, doing, done’ 
[20]. This allows people to see the status of any work being completed instantly. Examples of 
information shared by Kanban is as follows [10]: 
 What to produce  
 When to produce it 
 Quantity to be produced 
 Methods for production 
 Standard procedures 
 Amount to be moved 
 Location to be moved to  
 Storage location 
 
Using Kanban allows for the rapid acquisition of precise facts regarding the current state of 
production. Kanban allows workers and managers to quickly gain an understanding of the 
progress of the manufacturing process [11]. It also enables workers to identify any problems 
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with production flow and synchronisation of inventory [21]. An example of a Kanban board is 
shown in Figure 2.8-1. 
 
 
Figure 2.8-1 Example of a Kanban board [18] 
 
A feature of Kanban is to limit Work-in-Progress (WIP). Limiting the number of things that 
can be done at once can improve the quality and efficiency of the work [20]. Keeping WIP 
levels low and minimal inventory improves the flexibility of the system [21]. 
Kanban can also refer to a container which has a card designating what should be produced, 
and in which location. This can be used for managing production on a factory floor [6]. This 
form of Kanban is designed to move with the parts within the factory, containing information 
regarding the parts it contains for distribution within the factory. This allows for the parts to be 
recognised, to avoid them being ‘lost’ in the factory [10].  
Although Kanban can be used to share specific information about parts and materials used in 
production, to have a successful Kanban system, it is essential to not have an abundance of 
information. A precise Kanban system uses the minimum amount of Kanban required to share 
the information. If there are too many Kanban’s in use, they can hide any problems from being 
corrected due to an overload of information that may not be wholly accurate [10]. For a Kanban 
system to work well, it must succinctly share useful information. 
 
2.9. Gemba Walk 
 
Another Lean methodology that is widely used in various manufacturing factories to improve 
operational efficiency is the Gemba walk [22]. The term ‘Gemba’ is Japanese and means “the 
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real place” and is also known as ‘Management by walking around’ (MBWA) [23]. It describes 
when managers and leaders take regular tours around the factory floor to observe processes 
and pinpoint wasteful activities and is a useful tool for managers to be connected with operators 
and other staff on the factory floor.  Gemba walks are teaching exercises as they allow 
managers to experience the shop floor’s operational reality, which might not align with the 
theoretical reality [24]. These walks highlight how processes differ from Standard Operating 
Procedures (SOPs) or conditioned assumptions. Witnessing the actual flow of processes should 
enable managers and other staff who are not familiar with the process to seek an understanding 
of why there might be differences in processes. The focus of the Gemba walk is to understand 
how value is being added or subtracted from the actual process; this is achieved by all walkers 
practising active listening [24]. 
Executing regular Gemba walks allows companies to make more informed decisions 
surrounding their processes, using real-world data. Gemba aims to go to the factory floor 
instead of the traditional office setting to collect facts rather than opinions regarding production 
[6]. Collecting and understanding this data is a vital to Gemba walks, assisting in aligning a 
manager’s perception with the reality of processes [22] and gain understanding of where issues 
can arise actions and reasoning of the operators. 
The key elements of a Gemba walk are as follows [22]: 
 Observe, do not correct 
 Seek to understand 
 Value-added activities 
 Locate areas that are subtracting value 
 Innovate and improve conditions, tools, and procedures 
 
Gemba promotes positive attitudes in the workplace by empowering employees to be able to 
discuss issues with managers. This alters any attitudes that people may have had before, where 
they may have shrugged off the responsibility of improving a process. Instead, allowing open 
and honest discussions on the factory floor aids improved mentality towards reducing waste 
and preventing issues in the future [6]. 
Gemba is often used in conjunction with Lean elements such as The Five Whys, Kaizen and 
5S among others, which is usually specific to each company and factory. Implementing Gemba 
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walks can be a powerful innovation tool for companies if done correctly [24]. For a Gemba 
walk to succeed a factory must use the right equipment to make information sharing simple, 
such as a rolling whiteboard or screen. Encouraging accountability for staff presence on the 
walks can be achieved by taking attendance of staff or department representation. As an output 
of the meeting, the next steps should be clearly outlined for all involved parties and any new 
owners of issues. A support system should be in place to tackle any issues experienced as 
practising a blame-free culture is fundamental to a successful Gemba walk and a healthy work 
environment where all parties are involved in learning and understanding  [24]. 
 
2.9.1. Pulse Walk 
The factory used in this research uses a variation of a Gemba walk, namely a ‘Pulse Walk’. 
This Pulse Walk involves various members of staff: 
 Operators 
 Line facilitators, who are operators in charge of over-seeing the machines in their area 
 Team leads 
 Engineers 
 Quality 
 Maintenance staff 
The staff walk along each step of a Value Stream, which typically produces a specific type of 
part. At each step, any issues that have been encountered at any work step or machine are 
discussed. This allows operators a chance to provide feedback to managers and Team Leads 
regarding issues with machines, other equipment or delays in production. These discussions 
allow those involved to collaborate as a team to find and fix problems and highlight the weak 
points of a process. Discussion between each level of command, allows operators, maintenance 
staff and Team Leads to find solutions to problems at various stages of production [25].  
 
2.10. Summary 
 
The medical device manufacturing facility used in this research already employs Lean tools 
such as Kanban and The Five Whys method alongside the Pulse Walk. To further improve 
efficiency and avoid the many possible wastes described in Chapter 2.2, this project aims to 
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introduce more Lean concepts to this manufacturing process. Employing the well-established 
Pulse Walk it is possible to enable waste location and derive an effective solution to it, through 
the creation of a database to record and search through historical issues. Highlighting the issues 
encountered will draw attention to problems, and more importantly, previously used solutions.  
This will allow managers to take further action if there are repeated problems with a specific 
tool or machine. 
The ambition of this research is to innovate the Pulse Walk to allow for improved 
communication and feedback to staff from managers. As discussed in this chapter, Lean 
focuses on respecting workers opinions and seeks to build on abilities by giving more 
responsibility in the factory. Equally enabling Operators to suggest ways to improve processes 
can be beneficial to production since managers are unlikely to be as familiar with processes. It 
is hoped that this approach has a positive impact on workers attitudes, as illustrated by Shook 
[13]. Lean concepts will be considered during the development of this project as an output goal 
for the developed tool to highlight and reduce waste while improving communication. 
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3. Digitisation 
 
‘Digitisation’ in its purest form is the conversion of analogue information to digital information 
[2]. There is some ambiguity between the definition of digitisation and digitalisation [26]. 
‘Digitalisation’ is defined as “the use of digital technologies to change a business model and 
provide new revenue and value-producing opportunities” by Gartner [27]. Digitising aspects 
of a process usually results in the digitalisation of the same process, as technology such as 
smart devices are introduced to support the digital innovation [24] [25]. For the sake of this 
research the term ‘Digitisation’ will be used, referring to both the conversion of data into a 
digital format and the introduction of technology to facilitate such transitions. 
Digitisation involves: 
 Standardising data 
 Collecting data 
 Converting data into a usable format  
When the standardised data has been collected, it can be analysed to understand the insights 
the information is providing.  
Digitisation and digitalisation have a part to play in Smart Manufacturing. Industry 4.0, the 
term being used to describe a new phase of manufacturing that incorporates smart devices 
through Smart Manufacturing and the Internet of Things (IoT). Smart Manufacturing is when 
all devices and machines connect via the internet to other devices and processes enabling 
automation and improved decision making.  
As industries move towards Industry 4.0, through Smart Manufacturing and (IoT), D 
Vuksanović, J. Ugarak and D. Korčok state that “Digitalisation is not a possibility anymore, it 
is the necessity of the modern world” [30].  
 
3.1. Digital Innovation   
J.A Schumpeter first conceptualised innovation in 1912. He is the founder of ‘creative 
destruction’ concept, which is the continuous destruction of old concepts to make way for the 
development of new ideas. He described innovations as [31]: 
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 Developing new products 
 New methods of production 
 Opening a new market 
 Acquiring new materials 
 A new organisation of processes 
Process Innovation is described as “performing an activity in a radically new way”, it is usually 
explained by the adoption of new technology alongside improved business processes [31]. 
Activities surrounding digitalisation aim to increase productivity, efficiency, and energy 
savings [30]. Increased use of digital technology requires “Digital Innovation” to change 
business and production models if these goals are to be achieved. 
Digitisation has been forecast to change industries in all sectors permanently although some 
concerns exist over how this change will come about. Digitisation has the capability to 
overthrow the current manufacturing industry potentially leading to job losses at every level as 
robots and automation are introduced [32]. Integrating digitisation into a factory must be done 
responsibly to ensure that any jobs are not impacted negatively as a result. 
 
3.2. Smart Manufacturing  
 
With the global introduction of digitisation in industry, many manufacturing companies have 
started to utilise new technologies and methods. This has led to ‘Smart Manufacturing’, which 
is becoming the central manufacturing technology for the 21st century [33]. Smart 
Manufacturing combines manufacturing with digital technologies to derive knowledge from 
raw data [34]. Such collaboration can create highly customizable products to optimise a range 
of factors including cost, quality, lead time and environmental impact. Data is collected from 
sensors during manufacturing and used to bridge the gap between the supply chain and the 
engineering organisation [30]. The purpose of Smart Manufacturing is to optimise production 
by implementing ICT and advanced manufacturing technologies. Using decision-making 
models with intelligent devices and data analytics, the entire life cycle of a product can be 
facilitated [34]. 
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3.3. Industry 4.0 
 
The first industrial revolution in the late 18th century, represented by the mechanisation of 
manufacturing, was powered through water and steam [35]. This introduced the first transition 
from manual labour into manufacturing processes mostly in the textile industry [36]. 
The second industrial revolution occurred in the early 1900s, triggered by electrification, which 
introduced industrialisation and the concept of mass production. Henry Ford who mastered 
this, is famously quoted to say “you can have any colour, as long as it is black” which was in 
regards to the large scale production of the Ford T-Model. The car was manufactured on a 
moving assembly line as a standard design with no variations, so black was the only colour 
available [37]. 
The third industrial revolution came in the 1970s with the introduction of digitalisation through 
micro-electronics and automation. This allowed for flexible production in manufacturing, as 
factories now contained programmable production lines [36]. The progression of industrial 
revolutions is described below in Figure 3.3-1.  
 
 
Figure 3.3-1 The history of Industrial Revolutions [38] 
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Industry 4.0 is described as the fourth industrial revolution, representing control and 
organisation across the entire life cycle of the product, resulting from the development of 
Information and Communication Technologies (ICT) [36] [39]. Industry 4.0 aims to encourage 
factories to employ competitive advantages such as 3D printing, robotics and other features of 
manufacturing that this revolution supports [40]. Future factories are assumed to be intelligent, 
with the ability to self-plan and self-adapt, using a completely digital product model to meet 
the needs of customers and logistics of the supply chain [31]. The objective of Industry 4.0 is 
to improve the efficiency of operations while increasing automation of manufacturing 
processes to move product to market swiftly [35].  
Industry 4.0 is based on employing continuous improvement strategies and integrating humans 
into the manufacturing process. Another focus is on value-adding activities, achieved by 
avoiding wasteful actions. The aim for Industry 4.0 is to make machines ‘self-learning’ to 
improve performance and efficiency, and will transform manufacturing into a fully digitised 
and intelligent process [39]. Industry 4.0 aims to have a continuous flow of information 
between devices, known as Machine-to-Machine (M2M) interaction. This interoperability and 
connectivity are two of the most important elements of Industry 4.0, which can be achieved by 
implementing the Internet of Things (IoT) [36]. 
 
3.3.1. Internet of Things 
The concept for the IoT was first coined in 1999 by Kevin Ashton and describes a system where 
the material world exchanges data through sensors with computers. The first iteration of IoT 
was involved with Radio Frequency Identification (RFID), which was used for identification 
and tracking of items in the Proctor and Gamble (P&G) supply chain [41]. Ashton explained 
that the term was intended to describe the connection between humans and computers. His 
view was that the latter are ‘dependent’ on humans for information, which is recorded through 
scanning barcodes, taking photos or entering data by typing. IoT records information about our 
environment, and by empowering computers to gather information without human interaction, 
it is possible to track and count everything, providing insights into when repairs or 
replacements are necessary and reduce waste and improve efficiency [41]. 
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Since the uptake of this concept began, it has also been referred to as the ‘Internet of 
Everything’ due to the vast number of devices connected. This approach connects processes, 
people, devices and machines [31].  
There are three vital features of IoT: 
 Context 
 Omnipresence 
 Optimisation  
Context allows any object to provide information, such as location or condition. Omnipresence 
describes the future communication capability of each connection; it describes how vast IoT 
is. Optimization is the “expression of the functionality which every object possesses” [31]. IoT 
supports the development of Industry 4.0 as it promotes the connection of devices, machines, 
and processes via the internet. This allows for communication between processes and can be 
used in ‘Smart Production’ to control production lines through automation [31] [30]. Industry 
4.0 is the digitisation of manufacturing by utilising IoT for communication and information 
sharing [42].  
 
3.4. Policy for Industry 4.0 
 
Germany first introduced the concept of Industry 4.0 in 2011 as a strategic initiative to support 
the digital transformation of the German industrial sector [42]. The ‘High-Tech Strategy 2020’ 
action plan was announced in 2011 to focus on the development of cutting-edge technologies 
[43]. In doing this, Germany has cemented itself as one of the leading countries for 
manufacturing [36]. 
In response to this, France announced ‘La Nouvelle France Industrielle’ in 2013, which defined 
the French priorities for policy aimed at the re-industrialisation of France [43]. France 
announced the concept ‘Industrie du Futur’ in 2015. This concept is based on industrial 
cooperation and was intended to be the core of industrial policy in the future of France. This 
initiative involved five pillars [36]: 
1. Cutting edge technologies including additive manufacturing, virtual plant, IoT, 
and augmented reality  
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2. Supporting the French companies, especially small to middle-sized ones, to adapt 
to new technologies  
3. Extensive employee training 
4. Strengthening international cooperation around industrial standards 
5. Promotion of French industry of the future 
 
The European Commission announced ‘Factories of the Future’ in 2014, this is a Public-Private 
Partnership, under the Horizon 2020 program. The aims for this initiative are to strengthen and 
improve “industrial competitiveness and sustainability via research and innovation in new 
production technologies and systems” [44]. This initiative has encouraged companies to invest 
in projects that will help their organisation align with the goals for Factories of the Future 
(FoF). The main goals outlined in the official document for FoF include [44]:  
 Integrating and demonstrating innovative technologies for advanced manufacturing 
systems,  
 Moving towards environment-friendly manufacturing and increasing EU industrial 
competitiveness, 
 Sustainability through the development of new knowledge-based production 
technologies and systems.  
 
The FoF initiative is intended to work with the Europe 2020 strategy which aims to address 
employment, innovation, education, poverty, and climate change. The goal is to adopt the aims 
of Europe 2020 through manufacturing; facilitating each one to support economic wealth while 
minimising environmental impact and empowering a sustainable society [45]. The aims for this 
plan are outlined in the ‘Factories of the Future Roadmap’, published by the European Factories 
of the Future Research Association (EFFRA). 
China moved to develop a similar plan, ‘Made in China 2025’ which was introduced in 2015 
and was introduced in cooperation with the China Ministry of Industry and Information 
Technology alongside industry experts. The plan aims to upgrade the Chinese manufacturing 
industry, taking inspiration from Germany’s original Industry 4.0 initiative, adapted for the 
needs of China. The goal was to move China’s manufacturing industry from producing large 
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amounts of low-cost items to producing better quality goods using sustainable development 
and green energy innovations [36].  
Similar policies have also been introduced in the US, UK, South Korea, Japan, and Singapore. 
This global increase in initiatives aiming to improve manufacturing through innovation shows 
how popular this research area has become. Investing time and money into digitising processes 
to introduce Smart Manufacturing will be beneficial to both the company and the economy on 
a national scale. Introducing Smart Manufacturing will align a factory with the targets set out 
by Industry 4.0, to improve efficiency and create a flexible and automated production process 
[46]. 
 
3.5. Pillars of Industry 4.0 
 
Industry 4.0 is made up of nine pillars, which can be applied to transform various aspects of 
manufacturing. These nine pillars are discussed below.  
 
3.5.1. Big Data and Analysis 
Collecting data from machines and processes is crucial for improved, real-time decision 
making. Big Data provides analysis capabilities that traditional tools could not achieve. This 
can be used to improve the efficiency of the supply chain [39] [31].  
Big Data consists of four dimensions [31]: 
 Volume of Data, Big Data describes a dataset which ordinary tools cannot analyse. 
 Variety of Data, multiple sources provide a range of unstructured data which are not 
suited to traditional tools. 
 Velocity of the generation of new data and analysis, Big Data analysis is carried out in 
near real-time speed to reflect the ever-changing supply of information. 
 Value of Data, Big Data aims to isolate relevant information from actual results. 
Data analysis can be performed on historical logs to uncover and investigate any recurring 
issues from the past. Furthermore, this information can be used to forecast any future issues 
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that may be encountered [39]. Big Data allows for rapid and efficient management of data, 
which is continually growing as a result of IoT and information sharing from multiple sources. 
Analysis supports the separation of essential data from that which is less useful to the 
production process. By using this, conclusions can be drawn which support improved decision 
making and knowledge transfer [31]. 
 
3.5.2. Autonomous Robots 
Industrial robots have evolved to become more flexible and versatile; they have become key 
players in adding value to factories and assisting with Industry 4.0. Robots can complete tasks 
intelligently, focusing on [42]: 
 Safety 
 Flexibility 
 Versatility 
 Collaboration  
 
Robots can provide autonomous mobile support for repetitive actions on a factory floor, 
moving between machines carrying parts or tools, as necessary. Automation can be used to 
reduce human labour through the restructuring of the work process and introduction of a robot 
which can assist in manufacturing [10]. Autonomous robots can be used in place of humans in 
dangerous or restricted areas, or situations when precision is vital [39]. In the future, robots 
will work alongside humans in a range of roles, from production to office management [42]. 
‘Collaborative robotics’ describes when humans work together with robots to execute complex 
tasks. This is known as Human-to-Machine (H2M) and is used in place of M2M for tasks that 
are too unstructured to be completely automated [36]. 
There are some robots already available for use in factories, such as the Kuka LBR iiwa. Iiwa 
means ‘intelligent industrial work assistant’. This robot is designed for close cooperation on 
sensitive tasks, documenting the work being carried out, and it has the ability to learn from its 
human colleagues [42]. 
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3.5.3. System Integration 
There are three types of integration in Industry 4.0 [39]: 
1. Horizontal integration, across manufacturing network 
This involves the integration of different agents, business partners, clients, and 
business models. 
2. Vertical integration, networked manufacturing systems 
This involves intelligent production systems, networking smart factories. 
3. End-to-end engineering, across the entire product life cycle 
This involves manufacturing and the customer. 
Digitally integrating a manufacturing process allows for the automation of communication 
between machines [47]. Horizontal and vertical integration allows factories to assimilate with 
various departments, in addition to companies and customers. This creates a ‘data-integration 
network’ for the manufacturing process [42]. 
 
3.5.4. Industrial Internet of Things 
The Industrial Internet of Things (IIoT) is considered to be the integration of the physical 
manufacturing world with its digital counterpart, combining Big Data analytics with IoT [33]. 
IIoT assists the production stream in becoming intelligent through sensors and data, allowing 
machines, products, and factories to communicate [36] [39]. 
 
3.5.5. Simulation 
Simulations are used to mirror physical processes in a virtual setting; this is known as a ‘Digital 
Twin’ (DT) [46]. The concept of DT was first introduced by Michael Grieves in 2003 [48]. 
Real-time data is used to create a virtual model of machines and processes to simulate 
behaviour in a real-world setting and provides feedback with results. This allows DT to predict 
and detect issues with physical parts through simulations [48]. DT can be used to assist decision 
making through real-time communication between machines, sensors, and humans [42] [46]. 
These models can be used for mapping out machines on factory floors, which lessens setup 
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times during a physical changeover, in addition to providing insight into energy consumption 
and cycle times [39]. 
Cyber-Physical Systems (CPS) are multi-dimensional systems that combine computing, 
communication and data storage to monitor and control the physical world [49]. The term was 
christened in 2006 by Helen Gill, as she endeavoured to describe complex systems that IT 
terminology could not illustrate [50]. CPS can work autonomously, using microcontrollers and 
sensors to interact with their production environment. It is similar to IoT, however, CPS utilises 
more coordination between physical and computer elements [47]. CPS have been described as 
the basis for the upcoming industrial revolution as they signify the connection between 
machines and entities in the physical world. Cyber-physical integration is the basis of Smart 
Manufacturing. Feedback loops provide access for physical processes to affect cyber parts [48]. 
DT and CPS both have similar features that assist with manufacturing. They are both 
intertwined with learning from machine data through sensors via an internet connection. DT is 
a concept that is more involved with simulation and diagnostics rather than live control of 
physical entities. CPS use real-time data to make decisions regarding the control of physical 
entities. Both concepts are essential features of Industry 4.0 and Smart Manufacturing and can 
be used to present solutions to optimise manufacturing [48].  
 
3.5.6. Cyber Security 
As Industry 4.0 utilises the internet to share data between processes and intelligent machines, 
this increase in connectivity and data sharing requires protection against cybersecurity threats 
[42]. The introduction of Cyber-Physical Systems (CPS) systems also require cybersecurity as 
they are systems that integrate computation, communication, and control [39]. 
 
3.5.7. The Cloud 
Cloud-based platforms are vital for connection and communication between multiple sources, 
such as machines or processes. With the improvement in information sharing and machine 
automation in Industry 4.0, increasing amounts of data will be deployed to the cloud. This will 
result in an increase in data sharing within factories and across sites globally [42]. 
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3.5.8. Additive Manufacturing 
Additive manufacturing can be widely used to produce small batches of products, customised 
to a customer or consumer needs. These designs are usually small, lightweight and can be 
complex. Additive manufacturing can be used in conjunction with a rapid prototyping method 
such as 3D modelling and printing [36] [30]. Using this method of manufacturing can be 
quicker and cheaper than traditional methods, improving production lead time [39]. This 
method can be used with a range of materials such as plastic, metal, and concrete [51]. 
 
3.5.9. Augmented Reality 
Augmented reality (AR) can be used in various aspects of manufacturing. It is usually utilised 
through an AR headset. This headset can provide live maintenance information from a subject 
matter expert (SME) to an employee to fix an issue with a machine. It can also be used to track 
and select parts in a warehouse [39]. 
 
3.5.10. Summary of Industry 4.0 
The pillars of Industry 4.0 have been discussed in this chapter. Diving into each aspect has shed 
light on how these features are currently used in production to improve processes through 
digitisation and automation. These insights can provide inspiration for this research, and how 
any output or proof of concept could be used.  
An important feature of Industry 4.0 that can be aligned with this research is Big Data and 
Analysis. This strand of Industry 4.0 focuses on sorting data and removing anything that is not 
useful. Another facet of this is data analysis, investigating historical data to reveal any trends 
in issues that have been encountered. Data management is a crucial part of this feature, as IoT 
naturally results in vast quantities of information from many sources. Data management should 
be a priority for any production process, to organise any relevant information that can improve 
it.  
The learnings from Industry 4.0 will be applied to the development of this research, with the 
aim of improving efficiency and streamlining processes.  
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3.6. Digitisation in Other Industries 
 
Digitisation of manufacturing processes must be carried out to implement Industry 4.0 and IoT. 
Research has been completed to investigate how digitisation is used in factories today. As 
discussed in Chapter 3.5, there are various aspects of Industry 4.0. This means that there are 
many different ways that companies can employ it within their factory. Examples of 
digitisation include [51]: 
 Scanning 
 Measuring 
 Automation 
 Simulation 
The three industries that are considered in this research are manufacturing, construction, and 
aeronautics. These industries have been selected as they can be used as an indication of current 
methods and trends of digitisation across multiple industries. However, manufacturing is of 
most importance for the development and implementation of this research.  
 
3.6.1. Digitisation in Manufacturing 
As manufacturing companies globally have begun to move towards Industry 4.0, many have 
started to utilise Smart Manufacturing through digitisation.  
M. Helu and T. Hedberg present a product life cycle testbed, which is built on a cyber-physical 
infrastructure to enable Smart Manufacturing research and development. The methodology 
proposed allows for the amalgamation of heterogeneous solutions from various points of the 
life cycle of the product [52]. These data sources combine “enterprise resource planning (ERP), 
manufacturing execution systems (MES), and quality management systems (QMS)”. The 
purpose of this infrastructure is to reduce cycle time. It will also improve the performance of 
the process in both product design and manufacturing to bridge the gap between the supply 
chain and the engineering organisation. The study suggests that experiments may investigate 
what information is needed in different manufacturing scenarios or processes to further refine 
the required life cycle information in each phase of manufacturing [52]. If the test-bed is not 
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brought forward as part of this digitisation project it is still vital to remember the suggestions 
from the study, that investigation will be required to outline the critical data sources that will 
be significant in benefitting the manufacturing process. 
The concept of knowledge management is brought forward in ‘Towards Knowledge 
Management for Smart Manufacturing’. This paper discusses the need for knowledge capture 
and management for “quality assurance, lifecycle-impact assessment, and design 
improvement” [53]. S. C. Feng et al. suggest the main barrier for this is a lack of integration of 
data and knowledge, through the absence of a well-accepted mechanism to achieve such 
integration. The three aspects of knowledge management that hold the secret to success in 
manufacturing are detailed as follows [53]:  
 A general context of knowledge in relations to data, information, understanding, 
and autonomy  
 Knowledge that is broken down into units 
 Applications of Smart Manufacturing 
Implementing these into a factory has the possibility of improving knowledge of the process, 
and thus improving processing times.  
Digitisation in manufacturing presents the concept of knowledge management and finding 
value in data from the factory floor. Taking this into consideration for the project at hand, the 
key take away is to have the context to the information available. Furthermore, a clear 
investigation into what information is most appropriate to include is necessary before 
developing the final output of this research.   
 
3.6.2. Digitisation in Construction 
The breakdown of information management in construction is discussed in ‘Modern 
information management throughout a construction project life cycle – selected issues 
concerning digitization in construction and a case study’ [54]. This paper describes the 
importance of the link between an organisation’s information system and understanding 
technological changes. As there is so much data required to maintain a factory running 
effectively, K. Araszkiewicz and A. T. Bojarska suggest standardising information. A few of 
the suggestions made in this paper to improve ICT solutions include virtual reality (VR), mixed 
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reality (MR), augmented reality (AR), data exchange and management. This aligns with the 
pillars for Industry 4.0 discussed in Chapter 3.5. By accessing digital information, K. 
Araszkiewicz and A. T. Bojarska suggest that this will improve the ability to anticipate and 
solve issues throughout the product life cycle, which could mean that issues may be tracked 
and resolved before they cause time-costly issues farther down the line [54].  
Building Information Modelling (BIM) creates a virtual model of buildings ahead of 
construction. It can be used to assist architects, engineers, and constructors (AEC) in the 
planning, design, and operation of a building. BIM characterises many features of a building’s 
construction plan, including geometry, spatial relationships, material inventories, and project 
schedule. These features can be used to describe a complete life cycle of a building’s 
construction. BIM is a virtual process that covers all aspects of a construction project, and this 
makes it easy to outline scopes of work. Using BIM optimises the efficiency, and accuracy of 
the project, avoiding waste at each stage of construction [55] [56]. 
D. Bryde et al.’s case study supports the idea of implementing BIM on construction projects 
[57]. Although this case study is in the context of construction, the benefits of using a fully 
digitised system are clear. The key areas that saw improvement were cost, time, 
communication, coordination improvement, and quality. An important note from this paper is 
the importance of having people involved in using it to adapt current working practices to 
support BIM [57]. This could mean the inclusion of smart devices and having processes altered 
to allow for BIM. Case studies presented by S. Azhar all report positive impacts of using BIM, 
that range from improved building design in response to environmental factors, to money saved 
by altering plans in the predesign stage of projects [56]. 
It is important to recognise the risks of BIM, as well as the benefits. An issue with using BIM 
is determining who takes responsibility for entering and checking any data used. Finding who 
is responsible when an issue arises can be difficult as BIM blurs the level of responsibility as 
it is a collaboration between many people. Contract documents regarding ownership should be 
outlined ahead of the project commencement to avoid any discrepancies. BIM requires 
computable digital designs, alongside strategies for information sharing between components 
of the model. A standardised methodology for how to utilise BIM is necessary [56]. 
The studies presented in this area discuss using standardised information and a fully digitised 
system. Although it is based in the context of a construction company, the research can still be 
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applied to a manufacturing company. A fully digitised system can be achieved by improving 
data exchange and management, including a method of tracking issues to anticipate problems 
in the product life cycle. The essence of this research is the importance of adapting current 
processes to align with digitisation through the introduction of technology, such as smart 
devices including mobile devices. It is important to remember the issues encountered in BIM 
and bear them in mind during the development of this project. Attention will be paid to outline 
a methodology for how any process innovations will be managed, along with who will be 
responsible for updating any information in the proposed project. 
 
3.6.3. Digitisation in Aeronautics 
Aeronautics has been specifically chosen as it is a high precision manufacturing industry with 
lots of data involved, requiring a high level of data management.  
JIT manufacturing is a crucial feature in the aeronautics industry, synchronizing procurement 
and manufacturing activities. This has been achieved by the use of electronic data inter-
exchanges, which is the sharing of business documents in a standard electronic format between 
computers [58] [59]. Flow management is a cumbersome topic in aeronautics efficiency due to 
the vast number of issues that arise, and the volume of references for information. A case study 
is presented, which looks into implementing a digital synchronous sequencer to allow for the 
manufacture of various batches of the product to improve flow management [58]. This 
sequencer assists in combining the processing of information flow in real-time, and the control 
of physical flows from beginning to end of the production line. This is introduced for load 
smoothing, to spread the volume of orders over time by producing smaller batches. The 
sequencer also aids visualisation and control of all data linked to the production line, which 
spans from the raw material being supplied through to the transportation of parts for shipping 
[58]. Furthermore, production information is available in real-time, which provides managers 
with the opportunity to take rapid measures if required. 
T. Hoppe et al. discuss the need for creating a universal data hub in aeronautical manufacturing, 
as it is a punctilious area with lots of data feedback [60]. In recent years the industry has 
implemented digitising approaches in the system development processes. A big factor in these 
meticulous manufacturing industries is digital models of the system development life cycle. 
These models may include commercial-off-the-shelf (COTS) engineering tools from a range 
38 
 
of vendors, which can lead to multiple domains, paradigms, and file formats. T. Hoppe et al. 
present the need for developing a system to implement digital models for the whole system 
life-cycle. To achieve this, a suitable model will be required to represent every aspect of a 
process, all within the same level of abstraction [60]. Boeing implemented digital prototype 
technology for the development of the Boeing 777. Implementing this technology reduced the 
development cycle by nearly 40%, and reduced cost by 25% [33]. 
The learnings presented from this research area include standardising production data and 
tracking production throughout the life cycle of the product. A vital aspect of this is to include 
the data at the same level of abstraction so that it can be combined with other information to 
provide further insights. It is essential to reflect upon the recurring theme of incorporating a 
data hub to amalgamate information regarding the production life cycle. 
 
3.6.4. Summary 
The background research has described the need for uptake in the digitisation of processes, to 
align with the aspirations of Industry 4.0. This can be achieved via Smart Manufacturing. To 
espouse Smart Manufacturing, digitisation of information and digitalisation of production 
processes must first take place. This will introduce the technology required to access digitised 
manufacturing information. 
Combining the research into Industry 4.0, Internet of Things and digitisation, the apparent 
outcome is to create a digital information hub to host all relevant data from the production life 
cycle. The main points from the research into each industry is the importance of having relevant 
data, presented with context and clear value. Processes should be adapted to allow for 
digitisation, through the introduction of devices, such as mobile technology. The output from 
this research should bear in mind the goals of Industry 4.0, to improve efficiency and move 
towards more environmentally friendly manufacturing processes. 
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4. Project Outline 
 
4.1. Problem statement 
 
This project involves in assisting a medical device manufacturing company to move towards 
Smart Manufacturing which can be achieved through digitising information and digitisation of 
processes. The process focused on is the Pulse Walk, introduced in Chapter 2.9.1. This process 
has been chosen as it is used across this factory on other Value Streams, and innovating this 
could have long-term positive effects on many areas of manufacturing in this company. 
Pulse Walks are completed three times a day in the manufacturing facility. In one Value 
Stream, there are five steps to the Pulse Walk; four of these steps allow for discussion with 
operators to highlight any problems in manufacturing. The map shown in Figure 4.1-1 shows 
the route of the Pulse Walk. The first step is ‘Clean-room, Shipping’, and step two is ‘Drag, 
prep, polish’. Step three is ‘Low contact stress implants’, referred to as ‘LCS’ and step four is 
‘Grinders’. Each step covers a range of machines that produce various products, all under the 
Femoral Implant (FEMs) family – which is a type of device manufactured in this facility. The 
final step discusses the Key Performance Indicators (KPIs) of the Value Stream so that weekly 
targets and progress can be tracked.  
At each step of the Pulse Walk, there is a whiteboard with a table printed on it. The top section 
of this table contains a checklist that covers safety, overall equipment efficiency (OEE) and 
backlog, among other things, shown in Figure 4.1-2. The board also has a section below the 
checklist that is used to write down problems. Issues are recorded along with the date it was 
opened, the follow-up action and the task owner, an example is shown in Figure 4.1-3. The 
issues written on the board are revisited at each Pulse Walk to determine the progress and 
whether they can be closed. When an issue is adequately dealt with and is closed, it is simply 
wiped off the board. This means that there are no historical records of issues, and therefore, no 
way to track if there are any recurrent problems or areas in need of attention. Some boards 
record between one and eight entries daily equating to anywhere between three hundred and 
three thousand issues that are not recorded so lost annually across the whole Pulse Walk. 
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Figure 4.1-1 Map of Pulse Walk for FEMs Value Stream 
 
 
 
Figure 4.1-2 Checklist on Grinders Pulse Walk board 
 
 
 
3. Grinders 
1. Cleanroom, 
shipping 
5. KPIs 
2. Drag, 
prep, polish 
4. LCS 
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Figure 4.1-3 Example of Pulse Walk white board table 
 
Other difficulties experienced during the Pulse Walk include high noise levels, which make it 
challenging to hear discussions of issues and the correlating actions unless the participant is 
stood adjacent to the person talking. In addition, deciphering written entries on the board can 
be impeded by the variations of shorthand used to describe departments, machines or tools and 
as the information is written on a whiteboard, it can be partially erased by accident. Each of 
the potential human errors outlined creates difficulties in interpreting what is written and in 
understanding the associated actions.   
Other communication challenges include issues raised within the Pulse Walk are shared 
verbally, so when a manager or Team Lead cannot attend the Pulse Walk, information is not 
communicated with the rest of the group. This is not an ideal method of knowledge sharing, 
and also causes setbacks in production and efficiency. 
  
Important information regarding OEE and other manufacturing information is usually printed 
each morning and attached to the white boards, but to retrieve real-time data means leaving the 
Pulse Walk to go to a laptop. While these are small and lightweight, the process is cumbersome 
when the information is required swiftly.  
 
Since the Pulse Walk for this Value Stream usually takes between 40 – 50 minutes, while the 
desired length timespan is around 20 minutes, there is opportunity to improve the efficiency of 
the process. The total distance to be walked for the Pulse Walk is 348 metres. The distances 
between each step are as follows: Step 1 to 2 is 170 metres, Step 2 to 3 is 39m, Step 3 to 4 is 
67 and Step 4 to 5 is 72 metres of distance. These distances must be taken into account when 
including the time taken to walk to each stage. Using an average walking pace of 1.4 metres 
per second [61]: 
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 170m equates to 121.43 seconds, which is around 2 minutes.  
 39m is 27.8, taken as 30 seconds 
 67m is 47.8, taken as 50 seconds  
 72m is 51.4, taken as 50 seconds 
The total time spent walking on the Pulse Walk is around 4 minutes and 10 seconds. To take 
into account a varying paces from those taking part in the Pulse Walk, and time for everyone 
to congregate at each point this can be rounded up to 5 minutes. The desired length of the Pulse 
Walk is around 20 minutes, when the time for walking is accounted for this leaves 15 minutes 
for discussions at the boards. Splitting this across the five boards leaves 3 minutes of discussion 
at each stage. Achieving this will be a task in itself as the time currently spent at each step can 
vary a lot.  The time spent at one stage can range from several minutes, sometimes up to ten 
minutes or more depending on the detail of issues being discussed. Improving the speed at 
which information can be accessed will assist with minimising time wasted at each stage, and 
could shorten the time required for the Pulse Walk closer to the target of 20 minutes duration.  
 
4.2. Project Aims 
 
This project aims to streamline the Pulse Walk by digitising the Pulse Walk board. A digital 
version of this board will allow information to be entered rapidly through auto-fill and drop 
down boxes. Standardising recording of the issues logged will enable data analysis and provide 
insights into the issues being recorded. This analysis will indicate which work step, machine 
or tool is causing recurring issues, aid understanding of why the problem has occurred and full 
repair or replacement to avoid recurrence. To support the digitised Pulse Walk Board, the 
project will also digitalise the Pulse Walk by introducing technology into the process, discussed 
in Chapter 4.3. 
Optimising information access on the factory floor is the overarching drive for the tool 
development which will include information from various data sources to assist in 
manufacturing. This tool aims to improve efficiency, communication and reduce waste as per 
Lean methodologies discussed in Chapter 2. 
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4.3. Description of Tool 
 
The aim of this research is to produce a tool that will act as a digital information hub. This hub 
will include a digital version of the Pulse Walk board with a storage facility to enable access 
to historical information of past issues. Included in this tool will be access to data sources that 
will assist in manufacturing available through scanning a QR code on a company-issued iPad, 
described in Figure 4.3-1. This will open a menu page with options to access manufacturing 
information from the selected data sources, or the digitised issue logging table.  
 
 
Figure 4.3-1 Tool structure 
 
There will be one QR code for the Value Stream. The QR code will be positioned around the 
Value Stream at various locations along the Pulse Walk, highlighted in green below in Figure 
4.3-2. This diagram explains how the QR code will provide access to the different data sources, 
highlighted blue, which will be available every time it is scanned on an iPad. The options shown 
here are a range of data sources used in the factory and could be included in the tool. The data 
sources will be discussed further in Chapter 4.6. 
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Figure 4.3-2 QR code position in Value Stream 
 
This tool will be referred to as a ‘Digitised Manufacturing Information Nexus’ (DMIN), as it 
will be a hub for various aspects of manufacturing information, including issue logging and 
tracking.  
 
4.4. Methodology 
 
In order to make this project a success, it will require a structured approach that allows the 
associate and engineers that will be interacting with it to accept and understand how to use it 
appropriately and successfully [2]. Time has been taken to work alongside staff involved in the 
Pulse Walk to get their feedback and advice throughout the development of this project and 
subsequent tool. The methodology utilised for this research is discussed below in Figure 4.4-1.  
 
 
Figure 4.4-1 Methodology used for project 
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Step 1: Outline areas of possible application 
For this research to be most effective, it is crucial to investigate the most useful and appropriate 
area of application for the work. To do this, time was spent learning about the Pulse Walk 
process and the factors involved in it. Multiple Pulse Walks were attended in the initial stages 
of the project, which provided an experience of the process in action. Any problems or 
inconveniences involved in the Pulse Walk process were noted; these are explained in Section 
4.1. By incorporating the background research into digitisation discussed in Chapter 3, the 
decision was made to innovate the whole Pulse Walk. The idea of creating a tool that could be 
used for data access and issue logging was formulated.  
 
Step 2: Investigate what data sources to include 
As there are many data sources involved in the manufacturing process, it was essential to 
determine the most beneficial to include as part of this research. To do this, a survey was sent 
out to everyone involved in Pulse Walk of the selected Value Stream to get their opinions on 
what would be useful information to include as part of the project. This was a simple online 
survey that asked how likely the person would be to use the product, and what data sources 
they would like to see included. This survey is discussed in Chapter 4.5. 
 
Step 3: Collect data from the pulse boards 
As the issues logged on the Pulse Walk are deleted when they are completed, it was imperative 
to begin to collect the information from the boards. This collected data was used to create a 
database of real problems that had been encountered. This information was gathered by taking 
a photo of each board after the morning Pulse Walk. The entries were then recorded in an online 
Excel Sheet on Google drive, with a separate sheet for each step of the Pulse Walk. This data 
was recorded in the same way that it was written on the board, an example is shown in Figure 
4.4-2. This database allowed some insight to understand better the array of issues being 
discussed, and to determine the best way to manage the data. 
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Figure 4.4-2 Online database of Pulse Walk entries 
 
A version of this online database was developed to be used for entering new issues and actions 
during the Pulse Walk. The original database created from the photos of the Pulse Walk boards 
was used to outline the ‘Issue Codes’ used in this new database. This is discussed in Chapter 
5. 
 
Step 4: Set up menu page and QR code 
As the plan for this project is to create a tool that accesses multiple data sources through the 
use of an iPad, it was vital to ensure that the information could be retrieved through these 
means. A demo menu page was set up to test this. It contained the URL of a Pi Vision dashboard 
which showed real data regarding the OEE of machines on the factory floor. This was 
successful through the company issued iPad that was connected to the network and had an F5 
security app. This is a security measure to ensure they can be granted access before connecting 
to Pi Vision. The F5 app allows the user to log in with their credentials to connect to the 
company network on the iPad. 
Due to information being accessed from an iPad, it would have been ideal to develop an 
application for iOS. It was decided to use a dummy menu page for the proof of concept of the 
tool to expedite this. This consists of a Portable Document Format (PDF) containing hyperlinks 
embedded into it to connect to the data sources, seen in Figure 4.4-3. This PDF is embedded 
into a QR code, which will be positioned in the Value Stream to be used to access the 
information required on the factory floor, as shown in Figure 4.3-2. An online QR code 
generator was used to embed this PDF [62]. 
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Figure 4.4-3 Finalised menu page for tool used during trial 
 
Step 5: Demonstrate Proof-of-concept to staff 
This step involved meeting with staff members who are involved in the Pulse Walk, to explain 
the proof of concept of the tool. This group of staff included Team Leads, Quality, Maintenance 
and Operators. The demonstration provided staff with an opportunity to express any feedback 
regarding the design or functionality of the tool. This was taken on board and used to develop 
the tool ahead of the trial. This feedback is discussed in Chapter 5.3. 
 
Step 6: Trial working version on Pulse Walk 
Following feedback from the previous step, the tool was trialled during the live Pulse Walk to 
determine the strengths and weaknesses of the product. The tool was trialled at various steps 
along the Pulse Walk, on iPads and interactive screens. This is further discussed in Chapter 6. 
This trial will indicate how useful the tool will be if used on the Pulse Walk and identify the 
areas where it will assist the Pulse Walk. 
 
Step 7: Hold workshop to review tool  
A workshop was held at the end of the trial to get feedback from a range of staff members.  
Each aspect of the tool was discussed, what could be included in any future iterations was 
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planned. This is discussed in Chapter 6.2. This workshop discussed each aspect of the tool in 
detail, including hardware, data sources, the issue logging page and data analytics dashboard. 
The feedback from this was outlined and prepared for future developments of the project to be 
rolled out on the Value Stream.  
 
4.5. Survey and feedback 
 
A survey was used to garner feedback from those associated with the Pulse Walk. This survey 
consisted of three short questions that allowed each participant to list their job title, how likely 
they would be to use the tool presented in this research and what they would like to see shown 
as part of the tool.  
The survey was used as it is a standardised methodology that can be repeated for each 
participant. This survey provides a quantitative insight into what people would find useful to 
be included in this project. It also shows the level of interest from people involved in the 
factory, at various job levels. The structure of this survey was chosen as it is concise and 
collects the relevant data swiftly. The survey was sent out via a link in an email which explained 
the preface of the project. This meant that a large group of people could be targeted at the same 
time.  
 
4.5.1. Question 1 
Q1 What type of staff are you? 
The first question in the survey asks what types of staff the respondent is. The options include 
‘Engineer’, ‘Associate’ and then ‘Other’ with space to describe their role. Associate here refers 
to operators on the factory floor. This question has given insight into the various types of staff 
that are involved in the factory floor. It is not as simple as engineer or operator, and each role 
will have a different focus of interest on what would benefit them from this digitizing project. 
Including this question means that although the responses are anonymous, individual responses 
can be tracked. This means that it is clear to see if operators, Team Leads, or any other group 
of staff members have different opinions or interest in different data sources.  
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The responses from the first question show that the majority are from engineers. Operators are 
the smallest number of respondents, shown in Figure 4.5-1. The job roles described in the 
‘Other’ section include Team Leader, Quality, Maintenance, Technician and Planning. This 
shows the range of staff that are involved in the Pulse Walk, which correlates to a variety of 
information that could be useful to include. 
 
 
Figure 4.5-1 Survey responses from Question 1 
 
4.5.2. Question 2 
Q2 If there was a process implemented on the factory floor that allowed access to information 
via QR code scanning how likely would you be to use it? 
The second question in the survey asks how likely the respondent would be to use the project, 
with the options ranging from very likely to very unlikely, shown in Figure 4.5-2. This will 
show how open the employees in the factory are to the idea of digitising information access.  
The second question had mostly positive responses, shown in Figure 4.5-2. The respondent 
who replied that they would be unlikely to use this tool has also indicated that they are an 
associate, working hands-on with machines on the factory floor. The lack of interest they have 
shown in using this tool could be based on their concern that it will impede their work. To 
overcome this, care and attention must be taken to ensure that feedback from all staff is taken 
on board in order to develop the project into a successful tool that benefits everybody’s work. 
In addition, time must be taken in explaining the goal of this tool and training those into how 
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to use it successfully. This will show the benefits of implementing the tool and aid in the 
acceptance of the tool by all staff members. 
The two responses for ‘neither likely nor unlikely’ are from a member of maintenance staff, 
and a Team Lead. Understandably, maintenance staff may not be interested in this tool, as they 
are not usually directly involved with accessing data on the Pulse Walk. This data may not be 
wholly relevant to maintenance staff. However, one of the suggested data sources is Maximo, 
which is where the work orders for maintenance is stored. If Maximo is included in the tool in 
the future, maintenance staff should also be trained into how to use the tool as this information 
could benefit their work. This could lead to a more positive uptake in use from Maintenance as 
it will aid them, along with relevant information. The Team Lead may also be concerned about 
whether using this tool on the factory floor may impede productivity or waste time. However, 
as stated above, attention will be paid to understanding the best way to use this tool to benefit 
all those involved. 
The positive responses are from various job roles, which suggests that this tool could improve 
many aspects of the production line 
 
 
Figure 4.5-2 Survey responses from Question 2 
 
4.5.3. Question 3 
Q3 What data sources would be beneficial for your work to include in the QR scanning project 
The last question asks which data source would be most beneficial for the individuals work to 
be included in this project. The options given include OSI Pi, which is visualised through Pi 
Vision, Qlik, and Maximo along with some others. A description of each data source is 
51 
 
provided in Table 4.6-1. This question also included an option for the respondents to give other 
examples of data sources they are interested in being implemented. This question gives the 
respondents a chance to express the data sources that would improve their specific job role.  
The last question in the survey asks what data sources should be included that would be 
beneficial for the respondent. The responses are shown in Figure 4.5-3. The clear front runners 
are OSI Pi, which will be shown on Pi Vision, and Qlik for scrap dashboards. Maximo is the 
third most popular option, followed by Curve, Safety and then the other suggestions. These 
range from energy data, reprocessing information, excess Work-in-Progress (WIP) locations, 
Material Review Reports (MRR’s) in process and Temperature charts for associates.  
Reprocessing information details any batches that were put on hold for different reasons being 
reintroduced into the process. The excess WIP locations are where the excess batches on the 
floor are stored. MRRs in process describe any batches sent back for rework. Temperature 
charts indicate the location of the associates on the factory floor. Discussions have taken place 
during the workshop to determine how to access this data and what will be the best way to 
include the information in the future, discussed in Chapter 6.3.2. 
 
 
Figure 4.5-3 Survey responses from Question 3 
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4.6. Data Sources 
 
OSI Pi is useful as it shows real-time OEE data for the entire Value Stream. It can also be used 
to create other dashboards focusing on the OEE of connected machines. OEE stands for 
‘Overall Equipment Efficiency’ and indicates how efficient the machine is operating. Qlik is 
used for the scrap dashboard. This dashboard covers all process streams in the factory and can 
be filtered to show specific data from the chosen Value Stream. For the initial demo of this 
tool, OSI Pi and Qlik are going to be included as they are the top voted data sources from the 
survey. 
 
Technical name Description % of interest from 
survey 
OSI Pi Data historian used to store data from machines - 
real time data, i.e. Machine status  
76.47 
Qlik Data visualization tool, used to create dashboards 
from historical data, i.e. Scrap 
70.59 
Maximo Used to store work orders for maintenance 58.28 
Curve Used to record KPIs from Value Stream 41.18 
Safety Used to record safe work practices, i.e. good 
saves 
35.29 
Pi Vision Used to create dashboards from data in OSI Pi - 
Table 4.6-1 Description of data sources with survey response % 
 
4.6.1.  OSI Pi 
As it was the highest voted data source to be included, the tool will have an option for accessing 
OSI Pi data on Pi Vision. This will be through a link on the menu page that will take the user 
to the homepage for tools in this Value Stream. The user must enter their company credentials 
to access this page. The user can access the general page, which will show the OEE for each 
product family, or they can see each machine individually, seen in Figure 4.6-1.  
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Figure 4.6-1 Pi Vision showing OEE 
 
4.6.2.  Scrap Dashboard 
Scrap data from Qlik is included in the tool, as discussed above. This is a Qlik dashboard that 
shows all the scrap data from the entire site. This data can be filtered to show the data relevant 
to the FEMs Value Stream, for any chosen day, week or month.  
 
 
4.7. Summary 
 
This chapter has outlined the background of development of the DMIN tool. Following the 
methodology, the survey was completed and designated that OSI Pi and Qlik were going to be 
included in the proof of concept to provide access to OEE and scrap data for the FEMs Value 
Stream. The following chapter will describe the development of the digitised issue log, and 
subsequent data analytics dashboard that will also be included in the proof of concept for the 
DMIN tool. 
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5. Issue Logging and Data Analytics 
 
5.1. Issue logging  
 
Before setting up the issue logging table, research was carried out to investigate existing note-
taking applications, to determine whether they would be suitable for this project. Table 5.1-1 
outlines the various options below.  
 
Name iOS Android Suitable Reason 
Google Tasks   No Task-list extension for Gmail, cannot use to make tables 
[63]. 
Todoist   No Task management app, does not support tables [64].  
Evernote   No Organises notes, files and photos but does not support 
tables with the required features [65]. 
Wunderlist   No Shared task management app but no support for tables 
[66]. 
 
Microsoft To-
Do 
  No Task-list app. No option to make tables [67].  
Bear   No App for recording notes and prose. Editing tools option 
but no support for tables [68]. 
Ike   No Task prioritising app but no support for tables [69]. 
 
Noteshelf   No Records drawn and written notes but no table option 
[70]. 
Table 5.1-1 Existing note-taking apps 
 
The options above range from task-list apps that allow users to tick off entries as they are 
completed. The other type is note recording apps that support sharing information with other 
users. Each application has been researched to learn what features each possesses. None of the 
options listed above support table creation, which means that none of the applications can be 
used, as a personalised table is necessary for the digital replication of the Pulse Walk boards. 
As a specific table structure is required for the DMIN tool, it has been decided to continue this 
development through Google sheets, which is an online version of Excel. It allows for tables 
to be developed and supports most of the features that are standard in Excel, such as drop-down 
lists and checkboxes. Using Google sheets means that the access for the document can be varied 
if required, a password can be set up for editing the entries. 
55 
 
The database used to record the issues from the pulse boards, discussed in Chapter 4.4, was 
developed to be used for entering the issues during a Pulse Walk. This database was set up 
online using Google sheets. For the sake of this project, the editing features were changed to 
provide anyone with the URL access. This URL is used on the menu page of the tool, so any 
staff member using the tool can access this digitised Pulse Walk board and edit it. 
The layout of this page replicates the full Pulse Walk whiteboards, including the checklist at 
the top. These were set up to be checkboxes that could be ticked off after they are conferred on 
the Pulse Walk, shown in Figure 5.1-1. 
 
 
Figure 5.1-1 Checklist on digitised Pulse Walk board 
 
Using the database of historical issues, created using the photos of the Pulse Walk white boards, 
issue codes were outlined to standardise and describe each type of issue encountered. These 
issue codes are specific to each step of the Pulse Walk and are aimed to be specific enough to 
target a tool or machine and at the same time be general enough to cover all issues that can 
arise. The issue codes are used to populate a drop-down option when the cell is selected. This 
will standardise the issues being logged, and as the cell will start to auto-populate from the list 
of issue codes, it will improve the speed at which issues can be entered. For example, if there 
was an issue with the belt on one of the grinders the Team Lead can type ‘Be-’ which will 
automatically be matched to ‘Belt Issue’. To enter this into the database, they only have to hit 
the ‘Enter’ key, which will speed up the process instead of having to enter the full words for 
problems. These drop-down selections are also used to select which work step the issue is 
concerning, as well as the corresponding action and owners, using word matching for autofill. 
The list of work steps has been outlined from historical data and OMS, matching the 
manufacturing process for parts at each step. The options for owners at each step have been 
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correlated using the historical data from the photos of the Pulse Walk boards. The 
corresponding actions have been taken from the same historical data. The options have been 
combined and standardised to provide a list of general actions for the whole Pulse Walk, 
alongside specific actions for each step. Examples of these issues and actions are shown in 
Table 5.1-2 
 
Issue Action 
Part damaged Repair 
Part missing Find 
Parts backlog Review & Prioritise 
Tool damaging parts Investigate 
Run one size of parts only Monitor 
Table 5.1-2 Example issue codes with corresponding actions 
 
As many of the real entries from the Pulse Walk boards had more than one owner, a second 
owner column was added to the sheet. The date columns for each entry have all been formatted 
to be in “dd-MMM-yy” style. This means that the date can be entered in a range of formats and 
it will always show in that style. Standardising the format of dates on the sheet will make it 
easier to follow the chronological order of issues.  
With the digitised pulse board implementing a standard set of issues and actions, it is essential 
to maintain the same degree of accuracy that can be achieved on the whiteboards currently used 
during the Pulse Walk. A ‘Notes’ column was added to the sheet to avoid losing details for 
issues. This column is used for entering any further information regarding an issue that would 
otherwise be missed. An example of this is shown below in Figure 5.1-2. The issue indicates 
that parts are uneven at Grinder 46. The notes section provides the details of which type of part 
is damaged. 
 
 
Figure 5.1-2 Example of digitised issue log entry 
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Figure 5.1-2 also shows the filter option in use, the column on the right has a filter icon 
highlighted. This indicates that a selection has been made. A filter option is available for each 
column, which means that the data can be selected and filtered by each data constraint such as 
Issue, Action or Owners. This makes it easy to show which issues are currently open, by 
selecting the filter option for the Status, Closed column and selecting the ‘Blank’ values as no 
closed date has been entered for any open issues. This facilitates the Pulse Walk by showing 
only the open issues, as it would be on the whiteboards that are currently used. 
Using the dates entered for each issue – the open, due and closed dates – calculations can be 
performed to show more information for each sheet. A column for calculating lead time, and 
days overdue has been added to the board. The Lead Time column calculates the difference 
between the issue open and close date. The Days Overdue column calculates the difference 
between the closed and due date. 
These are used to calculate the Average Lead Time and Average Days Overdue for issues at 
each step of the Pulse Walk.  The calculations for Average Lead Time, Average Days Overdue 
and Number of Issues (open and closed) have been added to the sheet, as shown in Figure 5.1-3. 
 
 
Figure 5.1-3 Calculations for issues 
 
The calculations added to the issue logging board have been used to assist in the data analytics, 
which is discussed in the next section. 
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Figure 5.1-4 shows the digitised issue logging board, with each aspect that has been discussed 
in this section. The entries from the database created with the photos of the Pulse Walk boards 
have been stored in this format. This means they can be included in any data analysis.  
 
 
Figure 5.1-4 Snippet of full digitised issue logging board 
 
This style of digital issue logging board has been applied to steps one to four of the Pulse Walk. 
The KPI board has been separated into ‘KPI Issues’ and ‘KPI Actions’. These sheets are going 
to be kept as free text as the issues cover an extensive range, making it challenging to create a 
standardised set list of options.  
 
5.2. Data Analytics 
 
One of the aims for this project is to use historical data to highlight recurring issues or 
problematic areas. To do this, data analysis needs to be performed on the data that has been 
collected. The entries logged into the digitised issue logging page have been extracted and 
copied into an Excel document. Each step of the Pulse Walk was separated into sheets. This 
document was used to create a dashboard on Qlik, with a range of graphs describing the 
relationship between issues, work steps, owners and lead time. These charts will be discussed 
below. 
In the following pictures, the Grinders stage of the Pulse Walk has been chosen. The widgets 
shown in Figure 5.2-1 indicate the number of issues altogether, and the amount open and 
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closed. This is followed by the average lead time of issues. These values are taken from the 
lead time calculations on the Issue Logging table, mentioned previously in Figure 5.1-3. The 
open and close dates for each issue are used to determine if it has been closed, and calculate 
the lead time. 
 
Figure 5.2-1 Issue count widgets 
 
Below, in Figure 5.2-2, the left graph details the amount of issues at each work step as a bar 
graph. The pie chart on the right shows the percentage split of the number of issues per work 
step.  
 
Figure 5.2-2 Graphs showing Number of Issues per Work step 
 
Figure 5.2-3 shows a donut graph, which illustrates the percentage split of lead time per work 
step. This graph indicates which work step has the longest average lead time to deal with 
associated issues. This graph will highlight where the most time is being spent to rectify issues.  
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Figure 5.2-3 Percentage split of lead time by Work step 
 
The next section of the Issue Insight dashboard contains a graph showing the amount of each 
issue, and the details table seen in Figure 5.2-4 . The bar chart “# of issues” indicates which is 
the most prevalent, for the Grinders step we can see that Arbour and Part issue are the most 
common problem encountered. The details table on the left is scrollable and shows each column 
from the excel sheet. 
 
 
Figure 5.2-4 Number of issues and details table 
 
The graph on the left of Figure 5.2-5 shows the lead time for each work step in days. This is 
similar to the donut chat in Figure 5.2-3, but instead shows the information in a horizontal bar 
chart. “Total lead time by Owners” on the right of Figure 5.2-5 shows the lead time by each 
owner. The owners are a mix of departments and individuals, it is clear that Engineering have 
the longest average lead time for dealing with issues.   
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Figure 5.2-5 Lead time by Work step and Owners graphs 
 
The graphs in Figure 5.2-6 details the number of issues for each owner, combined with the lead 
times. This will show which owners have the most prolonged lead time rate per issue. The first 
graph shows this chart for the whole Value Stream, we can see the shaded bars show the range 
of lead times for issues for each owner. The second chart shows this chart for the Grinders step. 
It does not contain any shaded bars as each owner only has one issue each, and therefore there 
is no range of lead times to highlight.  
 
 
Figure 5.2-6 Issue Count per owner with lead times 
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Figure 5.2-7 shows the layout of the full dashboard, including each chart that has been 
discussed in this section. 
 
Figure 5.2-7 Layout of Issue Insight dashboard 
 
Qlik was chosen to use as a platform for this dashboard as it is already in use across the medical 
device manufacturing company, so staff are familiar with the functionality of the software. A 
feature of using Qlik is that if a user would like to filter by any data constraint, they can select 
it on any graph. This will highlight it, and then filter the remaining graphs to show the 
information in relation to the selected data. An example of this is shown in Figure 5.2-8. 
GRND0048 has been selected from the graph in the middle of the top row. This has triggered 
the rest of the charts to update only to show the information relating to this machine. 
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Figure 5.2-8 Issue Insight dashboard filtered to show GRND0048 data 
 
5.3. Development of Design 
 
The tool has been updated to include the suggestions from Step 5 of the methodology. 
 
5.3.1. Demo feedback  
During the demonstration of the proof of concept to staff, they indicated that they would be 
interested in using the tool on interactive screens. Following this feedback, the tool has been 
developed to be trialled using an interactive screen as well as an iPad on the Pulse Walk to log 
issues.  
A request was made during the development of this tool to have a way for the operators and 
other staff working on the factory floor to have a means of sharing any ideas they had regarding 
improving processes on the factory floor. This is a Lean methodology that is discussed in 
Chapter 2.  
An online google sheets document was set up, in the same style as the digitised Pulse Walk 
boards, as shown in Figure 5.3-1. This sheet allowed for staff to detail the location or work step 
their idea was from, along with any actions they felt should be taken and an owner. 
Provisionally these ideas are aimed to be discussed within two weeks before a further course 
of action is decided. 
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Figure 5.3-1 Idea logging page 
 
Another request was made during the demo stage. The staff on the Pulse Walk mentioned that 
it would be beneficial to include the Qlik dashboard for OEE reason codes. These outline the 
reasons for machine downtime that are recorded by operators on the factory floor. Figure 5.3-2 
shows an example of this dashboard. The FEMs Value Stream is selected, and the data can be 
filtered by day, week and month. Usually, this page is printed and brought along to the Pulse 
Walk by one of the attendees. Having it readily available via the developed tool will improve 
the accessibility of this data and minimise time wasted retrieving this information. It will also 
make it easier for everyone attending the Pulse Walk to see it, instead of having it on an A4 
sheet. 
 
 
Figure 5.3-2 Qlik dashboard for OEE 
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6. Trial and Workshop 
 
After the survey and demo, the proof of concept for the tool to digitise the Pulse Walk was 
finalised. The tool was trialled on the floor as part of the Pulse Walk to test its practical value. 
 
6.1. Trial Implementation 
 
The first trial consisted of setting the tool up for use on an existing screen beside the KPI board, 
the fifth step of the Pulse Walk. This was done by extending the screen of a laptop via an HDMI 
lead. The menu screen was shown on the page, with each data source accessible through the 
internet connection on the laptop. A wireless keyboard was used to enter issues on the digitised 
Pulse Walk board, which was connected via a Bluetooth USB dongle plugged into the laptop. 
This was originally done for the fourth step of the Pulse Walk, the LCS board, which deals 
with the low-contact stress implants. This was chosen as it was the penultimate step of the 
Pulse Walk that could easily be relocated for the trial, and it meant that the staff involved were 
at the location for the final step, the KPI boards. This would not add much of a delay onto the 
regular running of the Pulse Walk as staff would not be required to walk to a different location 
off the path of the Pulse Walk for the trial to take place.  
This location was again used for trialling the first stage of the Pulse Walk, the clean-room and 
shipping step. The trial step was changed because only a few issues were being dealt with on 
the LCS board at that time. The minimal amount of issues being recorded at the LCS step meant 
that the tool was not getting much use. Using the clean-room and shipping stage meant that it 
would not cause significant delays as the screen was located between the original area for the 
first and second step of the Pulse Walk, shown in Figure 6.1-1 
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Figure 6.1-1 Location of screen used for first trials highlighted in green 
 
The trial at these steps was acceptable; however, due to the nature of the steps chosen, there 
were only a few issues that needed to be logged using the digital Pulse Walk board. In order to 
‘stress test’ the tool, it was decided to continue the trial at a busier step of the Pulse Walk, the 
third step, which is Grinders. The location for this trial is shown in Figure 6.1-2. 
 
 
Figure 6.1-2 Location of portable screen for trial at Grinder step highlighted in green 
 
A portable television screen was moved onto the factory floor in the area where the Pulse Walk 
meeting usually occurs for the grinders step to carry out this trial with an interactive screen. 
This was set up in the same way, extending the laptop screen and using a wireless keyboard to 
enter any new issues. The trial at this stage encountered many more issues to be logged in the 
DMIN tool, as expected. This provided ample opportunity to use the tool during the Pulse 
Walk, for both issue logging and accessing the various data sources provided.  
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The company issued iPad was also used to trial the DMIN tool at the Grinders step of the Pulse 
Walk, as it had become clear that the previous steps that the screen had been trialled on were 
not encountering sufficient issues to make it worthwhile. This trial commenced the following 
day after the completion of the screen trials. This was beneficial as staff were already familiar 
with the functionality of the DMIN tool by this point, making it easier to integrate it into the 
usual running of the Pulse Walk via the iPad. The iPad worked successfully, however some 
staff members experienced difficulty reading the smaller font sizes that were a result of using 
the smaller screen. 
Furthermore, the iPad was also trialled on a full Pulse Walk, entering issues at each step and 
the KPI board. This was done to illustrate how the iPad can be involved throughout the Pulse 
Walk, providing issue logging boards for every step in addition to access to each data source 
at any point on the factory floor. A QR code was used during this trial, it was scanned at the 
beginning of the Pulse Walk to open the DMIN menu page. The iPad did not require to scan 
the QR code again during the trial as it already had the menu page open. This contained the 
issue logs for each step of the Pulse Walk, and data sources that encompassed the entire Value 
Stream, hence eliminating the need for further QR scanning.  
The trials at the grinders step, and with the iPad on the floor were satisfactory as there was 
enough variation in problems to implement issue logging on the tool fully and provided many 
question points to discuss in the workshop. These questions dealt with practicalities of how the 
tool will be used; these are discussed in the next section. 
 
6.2. Workshop 
 
A workshop was used as a method to discuss the practical questions surrounding the 
implementation of the DMIN tool. This meeting allowed for a variety of staff to deliberate the 
tool and confer each aspect of how it will be used and what would be relevant to include. The 
workshop took place over 90 minutes, located onsite of the manufacturing facility. It was 
attended by an operator, a line facilitator, a Team Lead, a maintenance engineer and a quality 
engineer, alongside innovation engineers who are not involved with the Pulse Walk but who 
will support the uptake of this tool in the future. The workshop was separated into four sections: 
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 Hardware 
 Data sources 
 Issue logging 
 Data analytics 
 
Each section had talking points to be addressed, which were inspired by feedback and practical 
matters encountered during the trials. Time was allotted to the end of each section, allowing 
for any other feedback or ideas from the attendees. The meeting room walls could be written 
on in erasable white board marker, so any notes or points were written on the walls which were 
separated into the meeting headings. 
  
6.3. Output from Workshop 
 
The minutes of the review workshop were transcribed from the walls of the meeting room, 
they are discussed below.  
 
6.3.1. Hardware 
The tool was trialled on both screens and iPads. iPads were the original plan for the proof of 
concept, and the screens were a suggestion from staff after the demonstration before the trials. 
Both options have benefits, the iPads can be used to hold one-to-one conversations with issue 
owners and subject matter experts (SME) on the Pulse Walk. This is especially useful in areas 
of high noise levels, where it is difficult to hear conversations being held around the screen 
unless stood in close proximity to those speaking. 
The screens are beneficial to use as they are large and can be seen by everyone on the Pulse 
Walk at each step. They can be used as a direct replacement of the whiteboards currently used 
on the Pulse Walk, using the same positioning and layout but will have access to the data 
sources in addition to issue logging. 
During the workshop, the advantages of both options were discussed. It was decided that a 
screen should be used instead of the iPads. This is due to the iPads removing the group 
discussion element of the Pulse Walk. The iPads would also require specialised protective 
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casing if they are to be used on the factory floor, especially around the Grinders area due to oil 
and other contaminants that could damage the device. As a result, QR codes will not be 
necessary for the further development of the DMIN tool.  
The plan is to use 50” interactive screens in place of the whiteboards at each step of the Pulse 
Walk. Ideally, the screens will be touch-capable and will be used with a pen or a virtual 
keyboard. As the screen will be large the keyboard should not span the entire width of the 
screen. Instead the keyboard should be centred on the bottom, it should also be movable so that 
it can be placed in a different area of the screen if necessary. This will be accessible to everyone 
with a card swipe action to log in. This will be used to identify who has edited entries in the 
changelogs. 
An advantage of using the iPads was to support conversations in areas of high noise, action 
must be taken to tackle this noise distracting the Pulse Walk discussions. To remedy this, the 
Grinders and LCS boards are going to be combined and positioned in a new location, in an area 
with less noise. Figure 6.3-1 shows the original route for the Pulse Walk, covering the five 
steps. Figure 6.3-2 shows the new route for the Pulse Walk, Steps 3 and 4 have been joined and 
moved to the right of the map. 
 
 
Figure 6.3-1 Original path of Pulse Walk 
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Figure 6.3-2 Proposed path for future Pulse Walk 
 
6.3.2. Data Sources 
The data that is currently included in the tool is OSI Pi, showing the OEE of machines through 
Pi Vision dashboard, Qlik scrap dashboard and a Qlik dashboard for OEE. The latter of which 
was suggested during the trials and daily updates from it are necessary during the Pulse Walks.  
The survey that was sent out during the development of the project gave people an option to 
suggest any other data sources that would be worthwhile including as part of the DMIN tool. 
The data sources offered as options in this survey, along with those suggested from the 
responses were discussed. This was to determine which, if any, would be helpful to have as 
part of the DMIN tool. 
Maximo, which stores maintenance work orders, was the third most voted option to be included 
in the DMIN tool from the survey. This data source is to be included in the DMIN tool, as part 
of the issue logging page. An extra column will be added to hold the work order number, 
usually in a ‘#______’ format, containing six digits after the hash. This will contain the URL 
of the Maximo ticket, and clicking on it will open it. A table with open Maximo work orders 
will be included as a standalone data source in the DMIN tool. 
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Other options from the survey include Safety and Curve, and it was agreed at the workshop 
that these would be included in the fifth screen, beside the KPI boards. The information 
included from these sources at this step would encompass the length of the Pulse Walk, not just 
one step. This location will also be used to show another suggestion from the trial, excess WIP 
locations, which is where the excess batches are stored on the floor. 
Other suggestions from the survey to be included as a visual representation on each board: 
 Reprocessing, which details any aged work orders that were put on hold for different 
reasons being reintroduced into the process,  
 Material review reports (MRRs) in process, which describe any batches sent back for 
rework, 
 Scrap from reprocessing. 
Energy data was a suggestion from the survey to be included in the tool. Although this will not 
benefit the Pulse Walk directly, all attendees of the workshop agreed that it would be 
worthwhile including- in the hopes of drawing attention to the energy usage on the floor. The 
energy use will be shown as a tracker in the corner of each board, a week on week graph to 
monitor and encourage good behaviour – such as shutting down machines when idle. This will 
benefit the company in the long term as minimising energy use where possible will save costs. 
Temperature charts for associates was suggested in the survey to be included in the DMIN tool. 
This option was discussed at the workshop, however, it was decided that this information could 
cause conflicts with General Data Protection Regulation (GDPR) as it contained personal data 
for each associate and should not be made available for other staff to see. For this reason, this 
data sources will be omitted from the DMIN tool.  
A suggestion was made during the workshop by an operator in attendance to include Day by 
the Hour (DBTH) targets. After some discussion, it was agreed that these are critical to 
production and very beneficial to include on each pulse board. This information is stored in an 
Excel spreadsheet and can be pulled to Qlik for visualisation. It was requested that this 
information can be printed for distribution among operators working on the factory floor. 
Mock-ups of these screens are shown in Figure 8.5-1, Figure 8.5-2 and Figure 8.5-3 in Chapter 
8.5 during discussions for future work. 
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6.3.3. Issue Logging 
The issue logging page was reviewed during the workshop. All those attending agreed that the 
current layout, which mimics the original Pulse Walk whiteboard works well so it will be kept 
as it is, with a few additions that are explained below. 
The topic of adding updates to existing entries was brought up. There has been several 
examples from the trials when an issue was recorded, and updates for it led to another action 
being logged. To avoid overwriting the original entry in the issue logging board, a suggestion 
was made to have an ‘Add Update’ option to the entries, which will attach the new issue or 
action below the initial entry. This will keep all related entries together in chronological order 
without overwriting any data so that it can all be recorded and used in data analysis. 
Another feature that will be added to the tool is email notification. When an issue is entered, it 
will send an automated email to the owner. This will ensure that everyone will be aware of any 
issues they are responsible for dealing with, even if they could not attend the Pulse Walk.  
Ideally, when an issue is logged, it will have an option to create a Maximo or Safety ticket from 
the information entered. This will avoid the need to enter the same information twice in two 
locations. 
As mentioned in the section above, Maximo will be included in the tool. A column will be 
added that will contain the URL to the Maximo ticket of the issue. Another column will be 
added to the issue logging board, which will describe which product family each issue is in 
relation to. This will be used in the data analysis, discussed in the next section. The column for 
Owner 2 will be left as-is for the meantime, but ideally, each issue should only have one owner. 
As each issue is meant to be dealt with within 24 hours, colour coding was suggested as a way 
to emphasise the issues that are ‘overdue’. A traffic light system will be introduced for each 
row highlighting the older problems.  
At present, there is a board in use at the grinders step on the factory floor, which uses red and 
green cards beside a list of machines to show which are running and which are not. This allows 
people to scan and see which machines need attention quickly. This will be used in the issue 
logging board; a column will be added to the sheet for machine status. This will be colour 
coded red for off and green for on. This information can be pulled from the machine OEE 
information on OSI Pi.  
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To speed up the Pulse Walk issues will be closed off by checking a box in the closed column, 
this will record the date and time the issue was completed at instead of having to type it in. 
This will also help avoid errors in entering the dates, which will keep the data analysis of lead 
times more accurate.  
The checkboxes at the top of the boards will be recorded and presented to the Value Stream 
Manager as a weekly report, along with attendance at each step – possibly through card 
scanning although this may have time delays. Other methods of taking attendance will be 
investigated, potentially using a checklist manually or digitally could be used. 
Figure 6.3-3 shows an example of what the issue logging table would look like with these 
suggestions implemented. There is a column added for machine status, which is colour coded. 
A column has also been added to record product family of each machine. The closed column 
has been changed to show checkboxes, and there is a column added for Maximo ticket numbers. 
The ticket numbers shown are just example codes, highlighted in blue to show that they are 
hyperlinks that can be clicked to open to the selected Maximo ticket.  
 
 
Figure 6.3-3 Example of the issue logging table including workshop feedback 
 
Throughout the development of this tool, the KPI boards were kept as free text entries as the 
issues logged here are so varying it would be challenging to standardise them. It was agreed at 
the workshop that they would be kept as free text, columns will be added for owner, described 
as department instead of staff names. A column for work step or area will likewise be added to 
assist in tracking and analysis or issues. Email updates will also be sent out to owners at this 
step. Figure 6.3-4 shows an example of this table with the suggested updates, the added ‘Work 
step / Area’ column and owners listed as a department.   
 
74 
 
 
Figure 6.3-4 Example of the KPI board with suggested changes 
 
An idea logging page is already included as part of the tool. The feedback from the workshop 
was positive, so this will be included in the future. It will be set up similarly to the issue logging 
page, where the owner of each idea is the person who logged it- this name will be available to 
managers but not shown on the screen. An email will be sent out when a new issue is logged. 
A key point expressed by attendees of the Pulse Walk is that the feedback from these ideas 
must be shared with all three shifts, the information can be available on the digitised board. It 
is important to keep this section away from metrics and to allow the organic development of 
ideas from associates on the factory floor. Project meetings with managers and Team Leads 
will discuss the Pulse Walk attendance and any ideas suggested from this part of the tool.  
An additional suggestion was made at the workshop, to include a communication sheet as part 
of the tool. This will be on each Pulse Walk board, available to everyone. This will be used to 
share any handover information to the next shift coming on. 
It is vital to ensure that the tool does not become overloaded with information. Although each 
suggestion may be beneficial to have, too many data sources could cause confusion for the 
users. Bearing this in mind, the tool will be developed to include these suggestions but it will 
be trialled and tested before being put to use on a Pulse Walk. This will point out if there is any 
excess data sources cluttering it that can be removed. 
 
6.3.4. Data Analytics  
The Qlik dashboard for issue insights was reviewed as part of the workshop. Each graph was 
discussed and decided whether it was relevant. Figure 6.3-5 below shows the first row of these 
charts. The number of issues and lead time widgets on the left of the screen are to continue to 
be included, along with the bar chart titled “# issues by Work step”. This graph describes the 
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amount of issues at each work step. The pie chart which showed the number of issues at each 
work step will be removed as it was deemed unnecessary beside the corresponding bar chart 
mentioned previously. This chart will be replaced by the donut chart on the right which 
illustrates the percentage split of lead time per work step. This chart will replace the work steps 
with product families. The product families will be added as a column to the issue log table, as 
discussed in Chapter 6.3.3. These charts are shown in Figure 6.3-5.  
 
 
Figure 6.3-5 First three charts on the updated Issue Insight dashboard 
 
The chart titled “# of issues” which shows the amount of each issue will also be included. This 
is shown in Figure 6.3-6. 
 
 
Figure 6.3-6 Number of issues chart 
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The bar chart “Total lead time by Work step” will be removed as it was deemed irrelevant 
during the workshop. The chart “Total Lead time by Owners” will be included, however the 
owner’s names will be replaced by the corresponding department instead to avoid any GDPR 
issues. This will also be the case for the graph “Count of Issue by Owner with Lead time” 
which will continue to be included. The list of departments is as follows: 
 Calibration 
 QA 
 Processing 
 Maintenance 
 Operations 
 Tool Room 
 IT 
 Planning 
These graphs are shown in Figure 6.3-7 and Figure 6.3-8.  
 
 
Figure 6.3-7 Chart showing Total Lead time by Owners 
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Figure 6.3-8 Count of Issue by Owner with Lead time 
 
These graphs will form the next section of the dashboard, shown in Figure 6.3-9.  
 
 
Figure 6.3-9 Second three charts on the updated Issue Insight dashboard 
 
The details table will be moved to the bottom of the dashboard to avoid clutter. This will be 
the width of the screen and will show the columns from the issue logging table, including the 
‘Notes’ column to provide details to any filtered problems as discussed in Chapter 6.3.3. This 
table is shown below in Figure 6.3-10.   
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Figure 6.3-10 Details table on the updated issue insight dashboard 
 
There will be extra options added to the headings across the top of the dashboard to make it 
easier to filter the data in all of the charts included. An option for searching by date and product 
family will be included. 
 
6.4. Discussion 
 
This workshop has been used to get feedback from the staff about what they would like to see 
included in the tool. The ideas deliberated during the meeting are all recorded above; Table 
6.4-1 shows a summary of the suggested data sources from the survey. The tool outlined from 
this would be the version used in an ideal world; however, this might not be possible right 
away. Discussions will be had to decide what the future of the tool will be, using the 
information provided here as a guide of what the staff on the Pulse Walk would like and what 
would be beneficial to include.  
One of the main hurdles that digitising the Pulse Walk should overcome is the time taken to 
complete the Pulse Walk. A Pulse Walk currently takes 30-45 minutes, when it should 
preferably be around 20. Screen loading time must be minimal to avoid unnecessary delays.  
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Data Source Included Reason 
OSI Pi OEE dashboard Yes Top voted data source from survey, contains useful 
OEE data for machines 
Qlik Scrap dashboard Yes Second voted data sources from survey, Daily 
updates are monitored during the Pulse Walk 
Qlik OEE dashboard Yes Daily updates are necessary during the Pulse Walks 
Maximo Yes Used to show maintenance work orders 
Safety Yes, 5th board Details Good Saves for the whole Value Stream, not 
relevant for daily Pulse Walks 
Curve Yes, 5th board KPIs for the whole Value Stream, not relevant for 
daily Pulse Walks 
Temperature Charts No Excluded due to GDPR conflict 
Energy data Yes Will draw attention to the energy usage on the floor 
Reprocessing Yes Details any aged work orders that are on hold 
Scrap from Reprocessing Yes Indicates any scrap as a result of reprocessing 
Excess WIP locations Yes, 5th board Not relevant for daily Pulse Walks 
MRRs in process Yes Describes any batches sent back for rework 
Day by the Hour target Yes Critical to production 
Table 6.4-1 Summary of survey suggestions 
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7. Use Cases 
 
7.1. Improving Information Access and Speeding up the Pulse Walk 
 
The primary use case for this tool is to improve the Pulse Walk. This will include improving 
the speed of the process and improving access to information during the meetings. By providing 
a digitised platform to show each data source on, time can be saved accessing all of the relevant 
data. 
By implementing the DMIN tool that has been suggested, it will improve the standardisation 
of logging issues. This is done through the use of the issue codes outlined for each step. This 
will streamline the process of logging and subsequently closing out issues. 
 
7.2. Highlighting Problematic Areas 
 
The utilisation of the DMIN tool will introduce a historical log of issues, stored in the online 
database of the digitised Pulse Walk board. Performing analyses on this data, such as has been 
done in the ‘Qlik Issue Insight Dashboard’ that is provided in the DMIN tool, allows for 
investigation into any recurring areas or work steps. 
Figure 7.2-1 shows the dashboard, we can see from the highlighted graph that one of the most 
recurring issues for the chosen step of Grinders is ‘Parts issue’. Furthermore, as this part has 
been highlighted, the Qlik dashboard will filter the remaining charts to show each one in 
relation to this selected issue type. We can see that this issue affects a range of work steps with 
the most prominent being GRND0075 and GRND0078.  
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Figure 7.2-1 Issue insight dashboard 
 
When we search for ‘part issues’ in the Issue logging board, we can see the range of problems 
that are encountered under this name. Shown in Figure 7.2-2 we can see that with the exception 
of the first issue at ‘All grinders’ and the light problem at GRND0048, the majority of the 
issues are in relation to a 6mm ball nose part breaking on GRND0073, GRND0078 and at 
GRND0075 on two occasions in the month of May.  
 
 
Figure 7.2-2 Filtered issues by ‘parts issue’ 
 
When investigating GRND0078 as it is shown to be one of the tools with the most issues on 
the Grinders step, the problems with the 6mm ball nose part is further emphasised. Figure 7.2-3 
shows the issues encountered at GRND0078, which range from cracked shutter doors to belt 
issues but again the most prominent is issues with the 6mm ball nose part. We can see that it is 
logged as a ‘part issue’ on the 23rd of April. This issue is dealt with after 23 days and closed on 
the 16th of May, which is a very prolonged lead time. The problem reoccurs and is logged as 
‘Tool break’ on the 23rd of May, indicating that the problem has escalated or was not dealt with 
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properly. This tool breaks again on the 7th of June, meaning the 6mm ball nose part caused 
issues thrice over 3 months, including breaking.   
By making this data clear and available, precautions can be taken to prevent these parts from 
breaking as frequently. Consideration can be given to keeping spares on-site to deal with 
recurring breakages on certain parts. Alternatively, if necessary in the future, other vendors or 
materials could be investigated for use in the place of the currently used ones as they might 
offer a better life span before failing. By improving the life span of this part, efficiency can be 
improved as the production will not be halted in the event of the part being damaged or broken. 
This will save on costs of reprocessing damaged parts, and minimise any backlogs of orders 
while the part is repaired or replaced. 
 
 
Figure 7.2-3 Issues filtered by GRND0078 
 
7.3. Energy Efficiency 
 
Using data capture and knowledge management to highlight problematic areas allows for these 
problems to be addressed. Having the historical database can assist with managers 
understanding of where inefficiencies are occurring, being able to articulate where energy is 
being consumed in excess will make it easier to find areas to focus on reducing energy use. 
Using the example discussed above, with the repeated issues surrounding the 6mm ball nose 
tool- improving this tool either through maintenance, change of material or change of vendor 
can reduce the issues that are caused by it. Furthermore, the problems being caused by this tool 
could be unrelated to material or type used, but instead mishandling at the responsibility of the 
operators. The reasons for this tool repeatedly failing is unknown at this point and requires 
further investigation to understand it fully. Providing the database prompts this root cause 
analysis to happen. 
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By investigating the issues in the database, managers can use root cause analysis to outline 
ways to prevent them from reoccurring in the future. This is aligned with the Lean mentality 
of ‘Jidoka’ and ‘Andon’, to highlight an issue and improve the production line by solving the 
problem. By preventing reoccurring issues with machines or tools from continuously 
happening, there will be fewer problems encountered on the production line. By solving the 
problems that require parts to be reworked due to defects, or parts to be scrapped, it is reducing 
the work needed to amend the problems in the first place. Avoiding this work will minimise 
the energy wasted by trying to fix abnormalities in parts caused by defective tools or machines. 
As the DMIN tool has not been officially put into use on the factory floor yet, there is no way 
to measure the success rate of this use case accurately. The medical device manufacturing 
company is striving to put in place energy monitoring systems to gain an understanding of 
energy use. They are aiming to achieve a vision for energy use for each building and each 
Value Stream. There are various energy streams involved in this factory, such as electricity 
supply, compressed air, gas, heating, and cooling water. These energy sources will all have to 
be metered for the building, and for each Value Stream of production to gain an idea of energy 
use. The measurement that will be used to determine the energy used in manufacturing is kilo-
watt hour (kWh) per part. This will indicate the number of parts produced in one kWh and the 
average energy used to produce one part. If tools and machines that regularly cause issues are 
removed, repaired or replaced, this should minimise the time downtime, thus reducing the 
energy per part.   
To get an understanding of the improvement delivered by the DMIN tool, energy will have to 
be monitored before introducing it, for the first period of it being in use and then when it has 
been fully immersed into the production process. The time slots for these stages would 
preferably be as long as possible to gain a full picture of average energy use. 3-6 months would 
be ideal for each stage, although it is understandable that this length of time may not be possible 
due to factory constraints or pressure to use the tool instead of waiting to measure processes 
without it. Comparing the energy used in each stage will provide insight into the benefits 
provided by the DMIN tool, and verify that there is less energy being used.  
This aspect of the DMIN tool is essential as industries move to eradicate excess energy use to 
keep costs low. Although this use case is theoretical, the factory is already beginning to set up 
metering of the numerous energy sources in a bid to draw attention to energy use and reduce it 
across all aspects of production.   
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7.4. Investigating Overall Equipment Efficiency 
 
The DMIN tool has proved to be useful in identifying the ripple effect of issues on the factory 
floor, and how these can impact OEE. For example, if a member of staff is using the DMIN 
tool to access the Pi vision dashboard for the local site they can access the overall Value Stream 
OEE, as well as each asset that is connected to OSI Pi historian. Currently, not every asset from 
the Value Stream is connected to OSI Pi to post its status and OEE. All Grinders from the third 
step in the Value Stream are connected, making this a reasonable example to use for the DMIN 
tool.  
The data shown in this dashboard is updated every five minutes, so it is an accurate 
representation of the state of each machine. If the machine status is shown as ‘Idle’, it indicates 
that the machine is not in use, which is normal as some machines can only produce a specific 
size of parts which is not always required to run consistently. If the status of the machine is 
shown as ‘Paused’, ‘Unknown’, or ‘Alarm’, this could be cause for concern as there could be 
an issue with the machine, tool or part. The ‘Feed Hold’ or ‘Paused’ state is caused by a pause 
in the current cycle for the parts being produced and is different from being ‘Idle’. The 
‘Unknown’ state is typically used when a machine is turned off or disconnected, as visibility 
is lost on what the machine is doing. Events are generated for each state other than running, 
operators can report on each of these states using a list of reason codes which is recorded in 
OSI Pi. 
To check if there is anything out of the ordinary, the user can then return to the tool menu page 
to access the Issue Logging board, and search for the asset in question. This will return any 
issues associated with the machine. This can be used to see if there is an open issue being dealt 
with for that machine. If not further investigation may be required.  
If the machine is in any state other than running, it’s considered not available. Downtime is 
counted when a machine is doing anything other than running parts. Matching the issue log to 
machine status can help indicate if a machine that is not available is due to scheduled downtime 
or an issue with parts, machines or tools. 
Furthermore, if there is a lower than normal OEE level for the Value Stream, it can be 
investigated through the Issue Logging board. Occasionally there are setbacks that include 
machine maintenance to be carried out or putting parts on hold for manufacturing. Using the 
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Issue Logging board to find and investigate such problems can aid in organising the 
manufacture of other parts in the meantime. 
 
7.4.1. Example at GRND0048 
 
Using GRND0048 as an example as it is one of the machines with the most issues, we can 
investigate the machine around certain times to see if there is any link between issues logged 
and the recorded OEE. In Figure 7.4-1 below, we can see that for the previous day – Monday 
– the OEE is very low at 46% operational. The graph on the bottom of the figure shows the 
OEE for the Tuesday morning shift. We can see that there is a large section of the graph that is 
red to highlight the ‘Alarm’ state. The grey area indicates the machine is idle, and the purple is 
for unknown.   
 
 
Figure 7.4-1 OEE for GRND0048 for Tuesday 19th of March 2019 
 
As part of OSI Pi, operators have the capability to log a ‘reason’ for machine downtime. 
However, this is not always carried out to the required standard. We can see in Figure 7.4-2 
below the unacknowledged downtime events for GRND0048. 
 
OEE levels  
Machine status graph 
Alarm state 
Unknown state 
Idle state 
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Figure 7.4-2 Unacknowledged downtime for GRND0048 18th-19th March 2019 
 
This low OEE continues into the next day. Figure 7.4-3 shows how the OEE has plummeted 
as the machine is sitting idle since the Monday evening shift. In the same manner as before, 
the OEE downtime has not been officially acknowledged using the reason codes provided in 
OSI Pi, seen in Figure 7.4-4.  
 
 
Figure 7.4-3 OEE for GRND0048 Wednesday 20th March 2019 
 
OEE levels  
Machine status graph 
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Figure 7.4-4 Unacknowledged downtime for GRD0048 19th-21st March 2019 
 
As there is no explanation available for the lengthy downtime this machine experienced, sitting 
idling on the factory floor, we can investigate further. In order to find a reason for these 
wavering levels of OEE, we can use the DMIN tool. We can filter the issue logging dashboard 
to show any problems encountered for this machine, seen in Figure 7.4-5. Around the time of 
these low levels of OEE, there is an ‘MSuite issue’ logged for this machine. MSuite is a type 
of software which is implemented on the Grinder machines, it is used to run the programs for 
the manufacture of parts. If this is where the issue is, then it could have a tremendous impact 
on the running of the machine. We can see from Figure 7.4-5 that there have been three issues 
with MSuite for this machine, with the last recorded one noting that the software has failed and 
there is no communication.   
  
 
Figure 7.4-5 Issues logged for GRND0048 
 
Figure 7.4-6 shows the OEE around the time of the software failure between the 9th and 10th of 
May 2019. We can see that the OEE for the previous few days has been reduced, the table 
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showing the OEE levels indicates the OEE for Wednesday and Thursday’s day shift remained 
between 50 and 70%, with an improvement on Thursday night, reaching 89%. In the graph at 
the bottom of Figure 7.4-6, we can see that the machine is mostly on, with some idle times 
dotted throughout. It is normal for machines to have some idle time between processing batches 
as they are not required 24 hours a day. The orange segments in this graph indicate the machine 
is in ‘Feed hold’ state. This could be a result of the issue with the MSuite software, as we can 
see from the issue logging board that this problem was not closed until the 16th of May. Using 
this as a basis, we can determine that the issue was being repaired during the aforementioned 
period. This repair could have had a negative impact on the OEE for this grinder.   
 
 
Figure 7.4-6 OEE for GRND0048 on Friday 10th May 2019 
 
Figure 7.4-7 shows the OEE for the proceeding days, Saturday 11th and Sunday the 12th of 
May. Although the OEE shown here is poor, with the reading for Saturday day shift at only 
5%, it is important to consider the days of the week these readings are from. As it is a weekend, 
the factory is not running at full capacity. We can see that the machine is mostly standing idle 
during this time as it is not in use.   
Another take away from Figure 7.4-7 is how often the machine is idle. This is understandable 
if it is waiting between batches to process, however, if this machine is in an idle state for large 
amounts of time, it could be a drain on electricity. Monitoring will have to take place to decide 
if it costs less energy to switch the machine on than it does to keep it standing idle. If this is the 
OEE levels  
Machine status 
Running 
Idle state 
Feed hold 
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case managers, Team Leads and supervisors should work to outline a production plan. This 
will align with the Lean methods mentioned in Chapter 2. Using a production plan will allow 
them to forecast which machine will be on to process specific batches. If they know a machine 
will not be required for use for a day or several hours, it can be switched off to save energy. 
 
 
Figure 7.4-7 OEE for GRND0048 11th - 12th of May 2019 
 
7.4.2. Example at GRND0059 
 
Investigating GRND0059 as there are many issues logged at this machine, we can see a similar 
trend in the OEE being lower than desired. Around the 15th of March 2019, there is a drop in 
OEE towards the end of the week. Figure 7.4-8 shows the Friday day shift. The OEE table 
shows the levels dropping to 28% on Thursday evening. The graph along the bottom shows the 
machine was moving between running and idle states with brief periods in feed hold. Moving 
between running and being idle is normal if the machine is on throughout the day, as batches 
will be loaded into it and removed continuously.  
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Figure 7.4-8 OEE for GRND0059 Friday Day shift 15th March 2019 
 
Moving on to the night shift for Friday shown in Figure 7.4-9, we can see that the OEE is still 
very low charting at 55% and 58% for the day and night shift, respectively. Although the graph 
at the bottom indicates the machine was running for the majority of the evening, there is a brief 
feed hold state between 10 and 11 pm. There is a length of time when the machine is idling 
during the night between 2-7 am. Although the factory runs during the night, it could be doing 
so with limited use of machines which would explain why this machine was not in use between 
these times. 
 
 
Figure 7.4-9 OEE for GRND0059 Friday night shift 15th March 2019 
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To investigate the reasons for the continued low OEE on this machine, we can use the reason 
codes logged in OSI PI. Figure 7.4-10 shows that there are no reason codes recorded for this 
machine in this period.   
 
 
Figure 7.4-10 Unacknowledged events for GRND0059 15th-16th March 2019 
 
Using the issue log, shown in Figure 7.4-11, we can see that there is some issues related to 
GRND0059. Figure 7.4-12 has filtered these dates to the period in question.   
 
 
Figure 7.4-11 Issues logged for GRND0059 
 
 
Figure 7.4-12 Issues logged for GRND0059 during the week of 11th of March 2019 
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We can see that there are four issues, including wheel change, a leaking unit and airflow 
issues. These all could have impacted the OEE on this machine, causing feed hold or pause 
states while the machine is under repair.   
 
7.4.3. Example at GRND0054 
 
A final example of this sort of issue with no explanation for OEE is at GRND0054. Figure 
7.4-13 shows the OEE for this machine between the 3rd and 4th of April, 2019. The OEE is 
dwindling as the week goes on, 14% on the Wednesday day shift– falling to 7% on the 
Wednesday night shift. The graph along the bottom shows us the varying states for this 
machine; it is mostly idle and has a small percentage of feed hold and unknown states in this 
time frame.   
 
 
Figure 7.4-13 OEE for GRND0054 3rd - 4th of April 2019 
 
If we inspect Figure 7.4-14 we can see that there are no reasons provided for the various states 
that GRND0054 has experienced in the time in question, with all events unacknowledged. 
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Figure 7.4-14 Unacknowledged events for GRND0054 
 
Investigating this further using the issue logging tool, we can find all logged issues for this 
machine, shown in Figure 7.4-15. The issue that is relevant to this time frame is the third one 
down, a spindle issue opened on the 3rd of April. The spindle is vital for the successful running 
of this machine. Understandably, the OEE will have dropped significantly as soon as this issue 
became known. According to the issue logging table below, this was an ongoing problem with 
updates spanning over two months, with the issue not being closed until the 10th of June, giving 
it a lead time of 68 days –which is far from ideal. 
 
 
Figure 7.4-15 Issues logged for GRND0054 
 
Using the information gathered from OSI Pi and the issue log feature of the DMIN tool, 
managers can work to find the reason behind this spindle issue to avoid it recurring in the 
future. 
These examples illustrate the further insights provided by cross-referencing information from 
existing sources, combined with the database developed through digitisation that is provided 
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by the DMIN tool. By managing the data in a way that it can be easily understood, such as the 
Issue Logging table, and matching it to other data sources that provide information about the 
same area can give a clear indication of the problems that are occurring.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
95 
 
8. Future work 
 
The DMIN tool was developed as a proof of concept to demonstrate the prospect of digitisation 
of the Pulse Walk. Although this tool can be employed as a case study to investigate how and 
where digitisation will be used, it requires further development before it can be implemented 
on the wider factory floor. This chapter will explain how each part of the tool could be 
elaborated and improved before widespread use. 
 
8.1. Development of Design 
 
The desired improvements from the proof of concept trialled on the floor have been outlined 
in the workshop feedback, Chapter 6.3. This feedback has been taken on board during the 
outlining of future work for the DMIN tool. These developments are aiming to improve the 
functionality of the tool and assist with ease of use, focusing on the main goals of this research: 
 Streamline the Pulse Walk  
 To reduce the time spent on Pulse Walk 
 To highlight recurring issues for waste reduction 
 Improve efficiency of the production line  
 Improve communication between staff and managers  
This chapter will discuss future work required to implement these changes and realise the full 
potential of the DMIN tool.  
 
8.2. Breakdown of project  
 
The project has been trialled on both iPads and screens on the factory floor during Pulse Walks. 
This means there are two options for the development of the DMIN tool, a native application 
(app) that will be supported on an iPad or other handheld devices, or a web application (web 
app) that will be supported through a web browser on a computer. The workshop concluded 
that the tool would be ideally used on screens, supported through a connected computer. 
Bearing this in mind, an investigation was still carried out to determine whether a web app or 
iPad app would be best suited for the development of this tool. 
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8.2.1. Native Application 
This would be developed in iOS or Android depending on the supporting device. For the 
medical device manufacturing company, iOS and Swift would be used to support app 
development for the company issued iPads [71].  
This type of app is more beneficial for ‘on-the-go’ customers; push notifications can be used 
to share information. This is not relevant to what the DMIN tool is trying to achieve- the tool 
will be used on Pulse Walks at stationary points to share information amongst a group of 
people. 
Furthermore, this type of application is not transferrable. This means that if an app is built for 
iPads, it cannot be deployed onto the interactive web-enabled screens unless they are apple 
compatible, which adds another layer of complication to development. 
They are hybrid apps which can be developed, such as Xamarin, which uses C# to code for 
Android, iOS and Windows devices. However, these apps have generally slower performance 
and are difficult to customise to suit each platform requirements [72].  
 
8.2.2. Web Application 
Web applications are supported through a web browser, such as Chrome, Safari or Firefox. 
Web apps do not have to be downloaded onto a device, so do not take up storage space. 
Furthermore, web apps do not require approval from app market places, nor do they have to 
adhere to operating system protocols in the way that native apps do [72].  
They can be developed using a Java backend and JavaScript combined with CSS and HTML 
to build a dynamic front end. The front end is the visible part of the web app that the user 
interacts with; all fonts, dropdowns and forms are built using HTML, CSS and JavaScript. The 
back end consists of an application, a database which is stored on a server. 
Developing the tool as a web app allows for a standard template to be created, which can then 
be adapted for each step of the Pulse Walk, which will require specific information for that 
stage. 
This research has suggested that a web app would be more suitable to the requirements of the 
DMIN tool; for this reason, it has been chosen as the basis for future development. 
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8.3. Issue Logging 
 
The issue logging aspect of the DMIN tool will be improved. The current setup which uses a 
google sheets document will be upgraded by using a web app design so that the data can be 
entered into a table and saved to a database. This table will be set up in the same way as the 
current board and DMIN tool, including the checklist, which is specific to each board. This 
will be followed by an issue logging table, with the added columns deliberated from the 
workshop feedback in Chapter 6.3.3, shown in Figure 6.3-3. Developing this table using 
JavaScript means that it can be coded to include sorting capabilities of each list, in addition to 
filter options in the same vein as the Google Sheets document.  
This style will be replicated to build the Idea logging page, in the same way that it was made 
for the proof of concept DMIN tool. Another table will be featured in the tool for 
communication, as per the workshop feedback. This is discussed further in Chapter 8.5. 
 
8.3.1. Adding Updates 
Using JavaScript allows updates to be added to existing entries, so original data is not erased 
in the event of further work on an issue, as discussed in Chapter 6.3.3. Furthermore creating a 
web application with a front end developed in JavaScript, and a back end coded in Java allows 
for automated email notifications when there are updates made to the issue log table. These 
emails can be sent to any owners containing information about the issue. Using this same 
technology, it can be set up to create a ticket in Maximo and Safety if required. This information 
can be posted to the desired location using a representational state transfer (REST) Application 
Programming Interface (API) call [73].  
 
8.3.2. Colour Coding 
Colour coding was brought up during the workshop as a method to highlight overdue issues. A 
traffic light system was discussed during the workshop, but this has the possibility of over-
complicating the table with colour. Instead, any issues that are less than three days old will not 
be coloured. Issues more than three days old will be coloured yellow and any older than a week 
will be coloured orange. This will draw attention to the issues that have not yet been closed 
and require immediate attention.   
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Another suggestion from the workshop was an extra column to be added to the issue log table 
that indicates the machine in questions’ status. This can be retrieved from OSI Pi and will be 
highlighted as green if running, or red if the machine is down. 
Orange and yellow will be used to illustrate the age of issues instead of the traffic light system 
suggested during the workshop. This is because using a standard traffic light colour scheme of 
green, amber and red could interfere with the cells highlighting machine status, which are green 
or red. 
Colour coding of rows and cells can be achieved through JavaScript coding at the front end of 
the web application. An IF statement can be used to determine the contents of the cell, whether 
it says ‘Running’ or ‘Down’. This can then decide if the cell is to be coloured red or green. 
To colour a row of the table based on the age of the issue can be achieved in the same way, 
using an IF statement to determine the time between when the issue was opened and the day’s 
date. If this interim time is more than three days, the row will be yellow. If it is more than 
seven, it will be coloured orange. 
 
8.3.3. Checkboxes 
It was decided at the workshop to use a checkbox to signify an issue is closed. This can be 
included in the issue logging table, under the closed date column. When the checkbox is ticked, 
it will record the date and time that the issue was logged in the database. This checkbox can be 
used to filter all issues to show only the open ones during the Pulse Walks, by checking the 
value of each checkbox and only showing those that are not ticked. In programming, this can 
be determined by inspecting if the box is ticked. As it is a Boolean value, it will return ‘TRUE’ 
if ticked or ‘FALSE’ if unticked [74]. An example of the code snippet for this is shown in 
Figure 8.3-1. 
 
 
Figure 8.3-1 Code snippet for finding checkbox value 
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Checkboxes are already used as part of the issue log table checklist. As discussed in the 
workshop, these are to be recorded and sent as a weekly report to the Value Stream Manager 
(VSM). By using a web application front end, this checklist can be set up as a table in 
JavaScript. The checklist that is recorded for each day will be saved into a database. This data 
can be retrieved on a weekly basis and collated into a graph to illustrate if there was any missing 
during the Pulse Walks that week. 
 
8.4. Web Application Setup 
 
The web app will have multiple sources contained within it, including the issue logging and 
selected data sources. Including each source embedded into one page will reduce the need for 
moving between screens, which may add time to the Pulse Walk as information is loaded.  
The tool will be available as a user interface (UI), developed as a web application, embedding 
each data sources into it using HTML tags. Using Inline Frame (Iframe) element tags in HTML 
allows for webpages to be shown within another web page. This will allow for the data sources 
to be displayed on the homepage. The Iframe can also be set up with a scroll bar, separate from 
the main page, to allow for further viewing of the data source. The Iframe uses the desired 
sources’ URL to embed it, which means the same URLs used for the proof of concept of the 
DMIN tool can be used here. An example of how to embed a URL into an Iframe is shown 
below in Figure 8.4-1 [75].  
 
 
Figure 8.4-1 Example of Iframe code to embed a webpage into another webpage 
 
These frames can be adjusted in height and width to determine the size of them on the home 
screen. Iframes have many attributes that allow them to have a range of features, such as 
‘allowfullscreen’ which means that the data source can be shown in full screen. Other features 
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include ‘importance’ which designates download priority, and this means that higher 
importance can be given to features that are required immediately on the Pulse Walk so that 
they load first. 
The final and most important note about Iframes is that they are compatible with a vast range 
of browsers, with high levels of compatibility with Google Chrome, the standard option used 
in the medical device manufacturing company in which the DMIN tool will be used [76]. 
Although Iframes can be used to include sources from other sites, increased use of Iframes 
leads to decreased speed. This should be kept in mind during development and thoroughly 
tested before deployment to ensure loading time is within the desired limit, to keep the Pulse 
Walk time down. 
Iframes have posed security risks to websites in the past; in 2008, hackers infiltrated many 
people’s home computers though fraudulent Iframes embedded into websites [77]. It is vital to 
remember security when creating a web app that will contain so much production information 
for the factory in which this research is based. However, this web app will be published on an 
internal network that already has ample cybersecurity. Furthermore, all information is shown 
in the web app is coming from other sources within this network, so there is no interaction with 
the external internet where there would be higher risks of an attack. 
 
8.4.1. Data Sources 
 
As mentioned above, to improve screen loading, time data sources will be included embedded 
into the home screen. The data sources that will be included are as follows:  
 OSI Pi for OEE shown in Pi Vision.  
OEE is the overall equipment efficiency of the machines and indicates the percentage 
of time that a machine has been running for. This data is saved in OSI Pi, and shown 
through a dashboard on Pi Vision. 
 Qlik Scrap dashboard 
This dashboard contains the scrap information for the site, and can be filtered to show 
the FEMs Value Stream. This dashboard has daily, weekly, monthly and yearly filters.  
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 Qlik OEE for FEMs 
The information shown in this dashboard is a donut chart that indicates the reason codes 
used for when machines are logged as not running. These reason codes are saved in 
OSI Pi, as mentioned in Chapter 7.4. 
 Issue logging table 
This is the digitised issue log that has been developed to replace the white boards used 
on the factory floor during Pulse Walks. 
 Qlik Issue Insight dashboard 
The data from the issue logging table is used to create this dashboard, which shows how 
many issues are open, the number of each issue and the lead times, among other things. 
This is discussed in Chapter 7.2. 
 Maximo issues 
Maximo is software that is used to store maintenance work orders. 
 Energy data 
Energy data will be introduced to the Pulse Walk, this information is not included at 
present. 
 Reprocessing  
Reprocessing relates to ages work orders that have been on hold, and are now being 
reintroduced to production. 
 MRRs in process 
Material Review Reports (MRRs) describes batches that have been sent for reworking. 
 Excess WIP locations 
This describes the location where excess batches on the floor are stored. 
 Day by the hour targets 
These targets outline the daily plan for production. 
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 Safety  
Safety is a type of software that is used to record good workplace behaviour, such as 
‘good saves’. 
 Curve  
Curve contains the Key Performance Indicators (KPIs) for the Value Stream. 
 
Each option should be set up to show the relevant information for the specified step of the Pulse 
Walk. This can be done by filtering on Qlik, or product family on OSI Pi, which is shown on 
Pi Vision. The idea logging table and communication sheet will also be included at each step 
of the Pulse Walk. 
 
8.5. Pulse Walk Screens 
 
The aim of this home page is to have the information clear and concise so that any observer 
can understand it quickly. If the user requires further information, each data source should be 
expandable to open it and look at the information in greater detail. As there is a great deal of 
data to be shown on each screen, it can be separated into pages. The web app can support 
multiple pages to make it easier to read and understand all of the data involved at each step. 
The first page of the web app will contain the data sources that are featured in the Pulse Walk 
discussions, the checklist and issue logging table, the Qlik issue insight dashboard, Qlik OEE 
dashboard and Maximo showing the open tickets. These contain priority information that are 
the primary sources of discussion at each Pulse Walk step. Figure 8.5-1 shows a mock-up of 
how this page will look, providing each data source included with enough space so the 
information can be read clearly and comprehended with ease. The top left shows the checklist 
for the Pulse Walk at this step, which will be a table built in JavaScript connected to a database, 
as mentioned above in Chapter 8.2. There are three columns of checkboxes instead of the 
original six. This is because there are three Pulse Walks in a day, meaning there will be no need 
for any more than this amount as the ticked boxes will be recorded and erased before the next 
day’s Pulse Walk. The Qlik issue insights dashboard is in the top right section. It will have a 
scroll option so that the rest of the dashboard can be viewed. The issue log will also be a table 
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built in JavaScript, with scroll capabilities and a connection to the same database as the 
checklist, but will use a different table. The OEE doughnut chart from Qlik is shown on the 
bottom left. This is currently only used at the Grinders stage of the Pulse Walk as these are the 
only machines currently connected to OSI Pi. As the factory moves forward to connect all 
machines to OSI Pi, this will be a necessary feature on each Pulse Walk screen. The bottom 
right shows the Maximo data source. It should be noted that this is a generic example of what 
a Maximo page would look like. 
 
 
Figure 8.5-1 First page of DMIN tool web app 
 
The second page of the web app will contain the remaining data sources, OEE from Pi vision, 
Qlik scrap dashboard, day by the hour (DBTH) targets, reprocessing, MRRs in process, scrap 
from reprocessing, hold and energy data. The data from Pi Vision will be included in an Iframe, 
as will the Qlik dashboard. DBTH targets will be shown in the next row. This information can 
be retrieved from the Value Stream Manager (VSM). DBTH targets are currently stored as an 
Excel sheet. This can be visualised as a Qlik dashboard and shown on this page of the DMIN 
tool. During the workshop, it was suggested that this information should be printable for 
distribution if necessary, so the table should have a printer option for this chart. The information 
regarding reprocessing, MRRs in process, scrap from reprocessing and hold will all be included 
in a tabular format. This information will be sourced from OMS, which is an Order 
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Management System and is used to store production information. Figure 8.5-2 shows a mock-
up of this page. The top left shows the OEE on Pi Vision from OSI Pi. To the right of this is a 
representation of the Qlik scrap dashboard. The bottom row shows what the DBTH target will 
look like in Qlik format. This is followed by the tables for Reprocessing, MRRs in process, 
scrap from reprocessing and hold information.  
 
 
Figure 8.5-2 Second page of DMIN tool web app 
 
Energy data will be included in this sheet, there is currently an energy dashboard for the whole 
factory for the medical device manufacturing plant, and they are moving towards having Value 
Stream specific analytics for energy use. As the factory moves towards achieving this, the data 
will be included on the DMIN tool screens to draw attention to energy use and improve 
behaviours as discussed in Chapter 6.3.2. This energy data should be included as a graph 
showing usage, with an indication if there have been improvements from previous weeks. The 
chart on the bottom right of Figure 8.5-2 shows a generic energy use chart, where the factory 
specific one will go. 
The third page of the web app will be used as a communication page, with the idea log and 
space for any information to be shared between staff during shift changeovers. The 
Energy Use Data 
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communication sheet that was brought up to be included during the workshop can be developed 
in the same style as the issue logging table, using JavaScript to make a data entry space. This 
can be structured as a simple table with space for operators and managers to note down any 
essential information during shift changeovers. This data will not need to be recorded in a 
database as it is simply used for sharing pertinent information at the time. If any issues arise 
from this, they will be recorded in the issue log as standard. An example of this is shown in 
Figure 8.5-3, they will both be scrollable tables in the same format at the issue log table so 
there is continuity throughout the app. Furthermore, each table has been colour coded to avoid 
any confusion. The Idea log table will be connected to a database and will send email updates 
to managers, in the same way as the issue log table will, alerting them to the new entry. 
 
 
Figure 8.5-3 Third page of DMIN tool web app 
 
Separating the web app into three sections allows for one page to focus on issues during the 
Pulse Walk, the second to share other important production information and the final one to be 
used for communication across the Value Stream. Several methods can navigate these sections; 
for example, each section could be opened as a separate page when a button is clicked. This 
method could lead to unwanted delays for loading time as the page will have to be reloaded 
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each time it is accessed. A more suitable way for this tool to navigate between these screens 
would be to include them as ‘tabs’ at the top of the page. This means that all charts will load 
when the page is opened, and there will be no wait time for charts reloading in between 
navigation. Furthermore, the tabs will always be visible at the top of the screen to make it easy 
to move between data sources.  
 
8.5.1. KPI board 
As discussed at the workshop, the KPI board will have a different set up than the first four 
boards as it will provide different information. The KPI screen will not have a checklist as it is 
not required at this step of the Pulse Walk. The KPI screen will act as an overview of the whole 
Pulse Walk. It will include additional data sources such as Safety, Curve and Excess WIP 
locations on top of the other data sources included in the first four screens. The format of this 
screen will follow the same style as the other Pulse Walk screens, with the first one focusing 
on issue logging and analyses of this data. The second will show further information about 
production such as reprocessing information, MRRs in process and excess WIP locations. The 
third screen will have the same communication tables shown above in Figure 8.5-3. 
 
8.6. Attendance 
 
Attendance was brought up at the workshop as there are currently issues with this matter during 
the Pulse Walks. At present, there is a mix of problems arising such as too many people taking 
part in the Pulse Walk, but also that not every department is represented as they should be. A 
roll call was suggested for the Pulse Walk to improve this. Another way to do this would be 
for the Pulse Walk leader to tick off a list of departments if they are represented at each step to 
avoid wasting time calling out names. However, this could distract the Pulse Walk leader from 
the discussions taking place as they would be focused on the attendance roll. Furthermore, this 
would require them to have a good knowledge of everyone’s department in order to confirm 
attendance without asking them, as this could interrupt any conversations taking place. 
As this would be time-consuming to carry out at each step, card scanning was suggested 
instead. As all staff members in the factory carry ID badges with them at all times, these could 
be used to scan attendance at each step of the Pulse Walk. Card scanners would have to be 
installed at each step of the Pulse Walk, so that staff can scan their badges quickly before the 
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meeting resumes at each screen. Multiple vendors sell this attendance tracking technology, as 
it is popular in schools and universities: 
o Anseo Suite, uses biometrics or ID cards to record attendance [78] 
o BarcodesEDGE Time & Attendance tracking solutions [79] 
o SEAtS Software wall mounted & portable card/biometric reader devices [80] 
 
When the card is scanned, it should record the staff’s name and department along with the time 
it was checked. This could be saved to a database for review to ensure the correct attendance. 
The managerial team could examine this database at the end of each day or week, at their 
discretion. 
One thing to bear in mind for employing this technology is to ensure that it is a smooth process, 
and there is not a queue of people waiting to scan their badge as this will add delays to the 
Pulse Walk.   
 
8.7. Qlik Dashboard 
 
The Qlik issue insight dashboard that has been developed to highlight the recurring issues for 
each step currently does not use live data. Currently, the data from the issue logging table on 
Google sheets is downloaded into an excel document which is then used to populate the Qlik 
dashboard.  
This process will be automated so that the dashboard is as up to date as possible. Data retrieval 
can be set up as a timed process to refresh the information after each Pulse Walk. To pull live 
data, an API call will be requested to retrieve the data from the server and use it to populate the 
dashboard [81]. This should be done after each Pulse Walk, to load the newly entered or 
updated data to the dashboard. Figure 8.7-1 describes this connection. The data is entered into 
the issue logging table, and it is saved into a database. The Qlik server accesses this database, 
requesting information from the server to populate the dashboard, which is shown as part of 
the first screen as described in Chapter 8.5 
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Figure 8.7-1 Breakdown of data retrieval for Qlik dashboard 
 
8.8. Technology 
 
The tool will be developed for use on screens, as trialled during this research. Ideally, it will 
be used on web-enabled interactive screens, used with a compatible pen and physical or on-
screen keyboard. This will be up to the discretion of the factory as the price involved in 
purchasing five of these screens is significant, described in Table 8.8-1. This table describes 
the range in prices for various brands of interactive screens available on today’s market. These 
prices have been averaged and multiplied by five to determine the cost of installations for the 
full Pulse Walk, with the total at nearly €10,000.   
 
Brand Name Size (inches) Price  
Elo E218847 Elo 5502L 54.6 €1,815.96 
 
Viewsonic IFP5550 I 55 €1,691.97 
 
Dell C5518QT 55 €2,929.43 
 
Benq RM5501K 55 €1,807.41 
 
HP LD5512 55 €1,007.99 
 
   Average price = €1,850.55 
5 screens = €9,252.76 
Table 8.8-1 Price comparison of interactive displays 
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These interactive screens will replace the current screens that are on the factory floor. These 
screens are connected to a computer that is used to control what is shown on them. The web 
application will be shown on the screen, via the computer, which will be connected to the 
company network via Ethernet, allowing secure access to the desired sites such as OSI Pi and 
Qlik. Using a wired network connection such as Ethernet protects against Wi-Fi blackspots 
which have been experienced on the factory floor in some areas.  
A cheaper option to create an interactive screen is to use a wireless keyboard with a mouse pad, 
as was done during the trials. Although this can be cumbersome to manipulate, the keyboard 
can be plugged into the existing screens for instant use with the developed web app. There is a 
range in price for these keyboards as there is a range in quality, shown in Table 8.8-2. Ideally, 
one that would be used with this tool would be lightweight (less than 500grams) and a high 
wireless transmission frequency of 2.4GHz or more to facilitate rapid movement and data entry 
during the Pulse Walk. The table below has priced up the average cost of purchasing five 
keyboards, as one will be stationed at each Pulse Walk screen at all times so that the data can 
be perused at all times of the day. 
 
Brand Name Price  
Logitech K400 Keyboard €55.34 
 
Rii RT504 Wireless Handheld Keyboard with Touchpad €26.83 
 
AmazonBasics K4R-US Wireless Keyboard €28.00 
 
Microsoft N9Z-00006 Wireless All-in-One Media Keyboard  €48.97 
 
Arteck HW197 Wireless Touch TV Keyboard €27.00 
 
  Average price = €37.23 
5 keyboards = €186.14 
Table 8.8-2 Price comparison of wireless mouse and keyboard 
 
There has been a ‘smart pen’ developed that can make screens touchscreen by connected a 
receiver to the side of the monitor. These products, XN810 and XN811, were released in 2013 
by Yifang for $80 (around €70) but is no longer available commercially [82]. The two available 
options worked on an 18 inch or a 26-inch screen. If a product like this was developed to be 
used on a 55-inch screen, it could be implemented as part of the DMIN tool in place of a 
wireless mouse and keyboard. 
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8.9. Implementation 
 
The tool will be used in the same way as the boards are currently, they will be positioned as 
decided during the workshop, as outlined in Chapter 6.3.1. The setup of the screens allows for 
anyone to access the information, including the issue log. Although there was a discussion 
about including a login system for the issue log to keep track of who is updating problems, this 
could cause unnecessary time delays. Furthermore, there is no system in place for this at present 
in the factory, to add this feature could annoy the workers. For these reasons, the login feature 
has been excluded from the DMIN tool. The screen will be openly accessible to all staff so 
everyone can benefit from using the tool. 
Regular check-ups should be carried out to ensure the DMIN tool is being used correctly by all 
members of staff. These should highlight if anyone is misusing the tool. Training can be put in 
place if anyone is using the tool incorrectly. All staff must understand how to use the tool and 
the benefits it poses. For the tool to work correctly, the information must be entered correctly; 
thus requiring staff to be educated on how to use it. 
 
8.10. Advancing ‘State of the Art’ in the Field 
 
The DMIN tool proposed in this research will be a ‘one-stop shop’, providing the user with all 
necessary information relating to the FEMS Pulse Walk. Although the tool outlined is a proof 
of concept, it proves that hosting production information for a manufacturing facility can 
improve the efficiency of a Pulse Walk. The DMIN tool can be used as a basis for digitising 
other processes in the factory as it allows rapid access to information in a succinct and 
organised manner by integrating technology and IoT onto the factory floor.  
The research presented here has proved that the tool has the ability to drastically improve the 
Pulse Walk, to make it more streamlined and effective by cultivating a refined process that is 
reviewed regularly, such as the Lean principle of Kaizen suggests should be done to continually 
improve processes. Employing technology in this way allows the factory to move away from 
manual processes such as using paper or whiteboards to share and log information. This 
minimizes the dependency on office supplies such as paper, pens and whiteboard markers and 
improves the efficiency of how information is shared.  
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The DMIN tool will advance communication between staff members at various levels, not only 
will the users be able to learn from previous errors through the database of issues but they will 
be able to follow up with the member of staff who dealt with similar issues in the past. Fast 
tracking this connection between staff can save time and the pedantic nature of asking already 
busy staff who was involved on solving an issue at some point in the past.  
Research into One-stop shops indicate the need to analyse the needs of the user, and tailor the 
experience to suit what is required [83]. This research has done exactly that, it will combine 
information from a range of data sources, making the Pulse Walk process more streamlined 
with specific information for the industry partner. It has been developed to encapsulate only 
the required information, and to present it in a useful manner. Upon completion, this project 
has provided a simplistic example of the architecture required to digitise the Pulse Walk and a 
guide to the process involved. The research that has outlined the necessary data sources to 
include, and in which way they should relate to the other manufacturing information sources. 
This prototype proof of concept has outlined the basis for creating a digital one-stop shop that 
can be utilised across the factory in a range of different processes. The DMIN tool is the 
stepping-stone between the previous manual process, and the digital future to support smart 
manufacturing and IoT while employing Taiichi Ohno’s principles of Lean production to 
improve efficiency and communication between all levels of staff.  
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9. Discussion 
  
This research set out to improve the Pulse Walk in a medical device manufacturing facility. A 
proof-of-concept tool, developed to replace whiteboards on the Pulse Walk tool, evolved to 
become an information hub for many different factors of production data.  The tool is referred 
to as the Digitised Manufacturing Information Nexus, or DMIN tool. 
The DMIN tool was developed following the background research carried out to investigate 
Lean methodologies and how they can be implemented to improve production, as well as 
digitisation to move towards the era of Industry 4.0. 
  
9.1. Review of DMIN Tool 
  
At the conclusion of this research, the DMIN tool has been trialled as a proof-of-concept. This 
consists of a PDF, available through scanning a QR code with an iPad, and on screens 
positioned on the factory floor. The PDF acts as a menu page offering various data sources, 
curated from survey feedback discussed in Chapter 4.5.3. These data sources deal with machine 
OEE and scrap. Additionally, a digitised version of the issue logging board has been developed 
as an online spreadsheet, with specific Issue Codes outlined for each step of the Pulse Walk. 
Drop-down lists of standardised options provided for Work step, Action and Owners, enable 
auto-filling entries to streamline this aspect of the Pulse Walk. Similarly, all date entry cells 
have been formatted in the same manner enabling comparisons within collated data. Data 
recorded from Pulse Walks over the course of several months has been recorded into this issue 
logging table. With data collection standardised and structured, a Qlik dashboard has been 
developed providing analytical insight into the issues being recorded. 
The DMIN tool was efficaciously used on the factory floor with trialling at on different steps 
of the Pulse Walk. This helped gain understanding of its usefulness in logging issues and 
providing data source support to benefit employees. The downside of the DMIN tool was that 
it was cumbersome to use so not as user-friendly as necessary for streamlined navigation 
between pages, and issue logging. This meant that it was difficult to determine if this iteration 
of the DMIN tool could improve the speed of the Pulse Walk. 
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Despite the early challenges encountered when using the proof-of-concept during the Pulse 
Walk, the DMIN tool still proved to be advantageous. As outlined in the Use Case in Chapter 
0, this tool introduces a method of searching historical entries in the issue log. The Issue Insight 
dashboard makes it easier to understand the spread of issues for the Value Stream as a whole, 
as well as each step of the Pulse Walk, so can assist in investigating the OEE of machines. In 
the long term, the DMIN tool has the capability of improving the energy efficiency of the 
medical device manufacturing company, by reducing the number of defective batches requiring 
rework. This can be achieved by using the historical issue log to monitor recurring problems, 
and complete root cause analysis to understand and eradicate the issue. In addition to the 
benefits discussed above, this tool improves information access for staff involved in the Pulse 
Walk by eliminating the need for print outs of production data since this is available through 
the DMIN tool.  
Future work already outlined for this tool will improve the Pulse Walk procedure. Developing 
a fully functioning user-friendly interface will make the DMIN tool more comfortable to use, 
with better navigation between production data. When the tool is fully developed and wholly 
integrated into the factory, it should work seamlessly with staff during the Pulse Walk. With 
these improvements, time spent on the Pulse Walk should reduce to be in line with the desired 
duration of around 20 minutes. However, while this tool will improve information access and 
the speed of entries into the issue log, other time delay factors are often human which machines 
cannot overcome.  Attention must continue to be given to keeping the Pulse Walk discussions 
as ‘Lean’ as possible to avoid any unnecessary delays. 
Reduction of waste in the production process brings the DMIN tool in line with Lean 
methodologies; the aims of which are to reduce inefficiencies, continuous improvement and 
respect workers’ capabilities.  
The digitised Issue Logging table can assist the DMIN tool can minimise waste on the Pulse 
Walk. The tool can be used to track recurring problems, which will support early recognition 
of issues. By recognising an issue is occurring at the early stages, it can be rectified before it 
affects the output of the process line. An example of this would be if there was a faulty or 
damaged machine that was resulting in imperfections on parts produced. The earlier this 
problem is recognised and dealt with, via the issue tracking log which would provide details of 
a solution to the issue, the less damaged parts that will be produced thus minimising waste or 
resources and time as the parts will not need to be scrapped or reworked.  
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The Issue Logging board allows staff to see what issues are being worked on and by who; this 
is similar to Kanban in Lean. This format lets everyone see who is involved in what, which is 
especially useful if someone has questions about an issue. The historical database of the Issue 
Log will make it easy to trace who dealt with issues in the past, and how the solution was found. 
Having this clear description of issues will assist with new staff learning about the processes, 
what common problems arise and how they can be solved. 
In keeping with Lean philosophies that respect a worker’s knowledge of processes, since 
inception this research has been concerned with getting feedback from the staff on the factory. 
It was vital to learn from the experiences of operators, managers, and Team Leads as they have 
a hands-on perspective of the Value Stream and the Pulse Walk. To better facilitate feedback, 
and in response to survey and initial demonstration feedback, the DMIN tool incorporates a 
platform for staff to share feedback, the Idea log. Introducing the DMIN tool to production 
across the factory, helps align the medical device manufacturing company with the aspirations 
of Factories of the Future (FoF) to integrate innovative technologies to enhance manufacturing.  
A further feature of FoF and the DMIN tool is the embodiment of progression towards more 
environmentally friendly production. Availability of production information reports online 
reduces both paper and ink improving the environmental impact of the Pulse Walk. 
Furthermore, as outlined above, the DMIN tool has the capability of improving the factory’s 
energy efficiency through issue tracking facilitating continuous improvement. 
 
9.2. Communication 
 
Prevalent throughout this project has been challenges in communication and articulation of 
ideas. Some of this can be related to the knowledge gap between engineers on the innovation 
team assisting with this research, and the associates and team leaders working on the FEMs 
production line. Attending multiple Pulse Walks assisted in bridging this knowledge gap, 
coupled with asking Pulse Walk staff what they wanted to see as part of the tool. 
Perhaps the greatest struggle for this researcher was articulating what the project actually 
achieves. In part this was due to mismatched definitions of the terminology being used causing 
confusion and misunderstanding for various people involved. Taking the time to understand 
the numerous aspects to the Pulse Walk assisted the researcher in learning the correct 
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terminology, ultimately improving communication with staff and aiding clarification of the 
specific goals of the project and agreeing how these could be achieved. 
When the feedback survey from the project demonstration was emailed to those involved, care 
was taken to explain the methodology and goals of the project appropriately. This was vital to 
ensure that there would be no confusion for those participating in the survey, to maximise the 
response numbers and gain the most data to work with. 
An interesting aspect of implementing this project on the factory floor was getting it accepted 
by prospective users. It is important to take into account the generational gap amongst 
employees. Younger employees, that is those of a ‘digital generation’, are likely to have grown 
up with technology, have a sound understanding and knowledge of how to use it are perhaps 
more accustomed to using it daily. In contrast, more mature associates may not be as familiar 
when it comes to working with technology, and some may have little to no understanding of it. 
This lack of knowledge may provoke embarrassment or anxiety around using the technology 
presented in this project, ultimately leading to avoidance. To pre-empt this outcome, the project 
has been carefully explained to everybody during all demonstrations, trials and the workshop. 
The goals have been reiterated constantly throughout development to avoid them becoming 
skewed or experiencing any scope creep. When this project is fully implemented and rolled out 
on the factory floor, it will require all staff to be trained in how to use it effectively and 
efficiently to maximise the benefits of it. 
 
9.3. Conclusion 
 
This research posed the question, “Does digitising improve efficiency in manufacturing?” 
This research has presented a tool to improve the Pulse Walk in a medical device manufacturing 
company. The proof-of-concept demonstrated the possible capabilities of implementing such a 
tool across the factory, assisting the factory in building on the current Lean strategies already 
in place while also introducing new strategies to reduce waste. The tool is in line with the 
aspirations for the future of manufacturing as we enter the era of Industry 4.0. Although the 
proof-of-concept is not a fully functional version of this tool, steps for future work have been 
outlined to show how the tool can be developed maximise its usefulness. This research 
combines the goals of Industry 4.0 by utilising Smart Manufacturing while maintaining the 
116 
 
Lean mentality of respecting workers. It has innovated a manufacturing procedure but not used 
digitisation to replace any jobs in the factory. Rather the DMIN tool employs digitisation 
responsibly in a manner that improves the jobs of staff at each level of the factory. 
The DMIN tool reduces inefficiencies in the Pulse Walk by digitising the issue logging table 
to improve the speed of entries, as well as providing access to the selected data sources on the 
factory floor. The DMIN tool will also reduce inefficiencies in production by highlighting 
recurring problems that can be rectified before causing more setbacks for subsequent batches. 
Highlighting where issues are commonly occurring focuses attention to that area so that 
investigation can take place and adjustments made to those aspects of production causing 
difficulties facilitating continuous improvement. So to answer the research question; yes, 
digitising can improve efficiency in manufacturing. 
Although this is true, it is important to reflect upon the caveats of digitisation that have been 
experienced throughout this research. For example an important factor for the success of 
integration of technology is to ensure that the staff using it are comfortable doing so. 
Furthermore, adequate training is necessary and must be regularly updated to make sure that 
the technology is being used in the best way possible. Taiichi Ohno’s lessons from Lean 
manufacturing highlight the importance of listening to the workers, and this must be kept in 
mind as well [14]. Continued communication with staff on the factory floor will aid the 
managers to gain insight into any improvements that could be made to processes, such as the 
Pulse Walk. 
Although the DMIN tool was well received, it was acknowledged that it was not a very user 
friendly interface due to the manner in which it was developed. Now that the concept has been 
proven to be useful on the factory floor, it can be developed in a more streamlined approach. 
The methods to do this have been outlined in this thesis as future work for the project. The key 
features are that the technology must be useful, fast to load and provide the necessary 
information in a succinct way, to avoid overloading the user with confusing data.  
Overall, this research has been a success. The DMIN tool has highlighted the flaws in current 
practises in the manufacturing facility. The industry partner has supported the development and 
trial of this tool, taking care to understand the process and offer assistance throughout the 
process. The research and development of the DMIN tool has outlined the downfalls of current 
systems in place for the Pulse Walk, it has also offered a solution to improve the problems that 
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are currently experienced. The tool has been well received during trials and the manufacturing 
facility are keen to continue to invest in this digitised solution to streamline the Pulse Walk, 
and possibly other processes in the future.  
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